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experimental  science. 

CHAPTER  1. 

E  L  E  C  TRIG  LT  G  II  T  1  N  G. 

THE  ARC  SYSTEM. 

Broadly  speaking,  there  are  but  two  systems  of  electric 
lighting,  the  arc  and  the  incandescent.  Sir  Humphry 
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Voltaic  Arc. 


Davy  discovered  in  1809  that,  when  two  carbon  points, 
joined  to  the  terminals  of  a  powerful  battery,  were  brought 
into  contact  and  then  separated  a  short  distance,  a  flame  was 
produced  between  the  points,  and  the  ends  of  the  carbons 
became  incandescent,  emitting  an  intense  white  light.  This 
arch  of  flame  joining  the  carbon  points  was  called  the  vol- 
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taic  arc.  Since  this  discovery,  the  attention  of  inventors 
has  been  devoted  to  the  production  of  suitable  carbon  rods 
for  the  arc  lighting,  and  to  methods  of  forming  the  arc,  and 
maintaining  it  at  a  uniform  length. 

There  are  many  varieties  of  arc  lamp,  all  of  which  are 
necessarily  based  on  the  discovery  of  Davy.  There  are  also 
many  kinds  of  dynamo  adapted  to  furnish  currents  to  arc 
lamps,  and  a  large  variety  of  accessories,  such  as  switches, 
cutouts,  resistance  boxes,  current  indicating  and  measuring 
instruments,  by  many  inventors.  It  is  therefore  obviously 
impossible  to  enter  into  a  detailed  description  of  them  all. 
The  United  States  system,  employing  the  Weston  dynamo 
and  lamp,  has  been  selected  as  a  representative  system.  It 
has  been  long  in  successful  use  in  New  York  and  other  cities. 
One  of  its  most  interesting  applications  is  that  of  the  illu¬ 
mination  of  the  New  York  and  Brooklyn  bridge,  where  80 
arc  lamps  are  supplied  with  the  current  from  four  dynamos. 

The  Weston  machine  is  shunt-wound,  i.  e.,  the  current 
divides  at  the  commutator  brushes,  a  part  passing  through 
the  wire  of  the  field  magnet,  the  remainder  supplying  the 
external  circuit.  The  armature,  which  is  of  the  drum  type,  is 
provided  with  a  sectional  core  consisting  of  soft  iron  disks 
insulated  from  each  other,  and  separated  by  a  small  space. 
Air  is  made  to  circulate  through  the  armature  by  centri¬ 
fugal  action. 

The  winding  of  the  armature  is  similar  to  that  shown  in 
Fig.  462.  Fig.  503  is  a  diagram  of  the  winding.  Here  the 
small  loops  show  the  points  of  attachment  to  the  commuta¬ 
tor  bars.  The  full  lines  represent  the  first  series  of  coils 
wound  on  the  armature.  Each  coil  of  the  first  series  occu¬ 
pies  a  portion  of  two  diametrically  opposite  spaces,  but  it 
will  be  observed  that,  although  each  space  contains  a  coil, 
only  half  of  the  commutator  bars  can  be  connected  with  this 
series.  Therefore,  a  second  series  of  coils  is  placed  upon 
the  armature,  as  shown  in  dotted  lines.  These  coils  are 
arranged  in  the  spaces  at  the  side  of  the  coils  of  the  first 
series,  as  shown  in  Fig.  504 — the  wires  of  the  first  series 
being  represented  by  the  black  circles,  and  those  of  the 
second  series  by  the  white  circles. 
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The  manner  of  connecting  the  terminals  of  these  coils, 
with  the  commutator  bars  is  clearly  illustrated  in  Fig.  505, 
which  is  a  perspective  view  of  the  end  of  the  armature.  The 


Fig.  503.  Fig.  504. 


Diagram  and  Cross  Section  of  Weston  Armature. 

beginning  of  one  coil  of  the  first  series,  represented  by  the- 
black  lines,  is  connected  with  a  commutator  bar,  and  the 
end  of  the  same  coil  and  beginning  of  the  next  black  coil  are 

Fig.  505. 


Commutator  Connections. 

connected  with  the  second  commutator  bar  in  advance.  The: 
coils  represented  by  the  black  lines  are  thus  connected  with 
alternate  bars  of  the  commutator,  and  in  a  similar  manner 
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Weston  Arc  Lamp. 


the  terminals  of  the 
coils  shown  in  white 
lines  are  connected 
then  with  intermediate 
bars  of  the  commuta¬ 
tor. 

By  t  h  i  s  arrange¬ 
ment  of  the  coil  ter¬ 
minals,  sht  >rt-circuiting 
of  any  coil  is  avoided, 
and  by  arranging  the 
coils  equally  distant 
from  the  armature 
core,  the  length  of  con¬ 
ductor  in  all  of  the 
coils  is  rendered  prac¬ 
tically  equal,  and  all  of 
lhe  coils  are  made  to 
pass  through  the  same 
pari  of  the  magnetic 
held.  By  this  means 
sparking  at  the  com¬ 
mutator  is  avoided,  and 
the  efficiency  of  the 
machine  is  increased. 

The  Weston  arc 
lamp  is  shown  in  pers¬ 
pective  in  Fig.  506  and 
in  detail  in  Figs.  507, 
50S  and  509.  In  this 
lamp  the  arc  is  some¬ 
what  less  than  one 
thirty-second  of  an  inch 
in  length.  As  com¬ 
pared  with  most  other 
systems  it  is  extremely 
short.  The  arc  in  the 
Brush  system  is  nearly 
one  eighth  of  an  inch. 


6 


EXPERIMENTAL  SCIENCE. 


The  Weston  system  employs  a  current  of  about  18  amperes.. 
The  resistance  of  the  lamp  is  about  one  and  a  half  ohms. 
By  the  use  of  a  heavy  current  a  little  larger  conductor 
is  required,  but  this  disadvantage  is  more  than  counter¬ 
balanced  by  an  increase  in  light,  a  better  color  and  greater 
steadiness.  Another  advantage  of  the  short  arc  system  is- 


FrG.  507.  Fig.  508. 


Feeding  Mechanism  of  the  Weston  Arc  Lamp. 


the  decreased  liability  of  injury  to  persons  coming  in  contact 
with  the  conductors. 

In  Fig.  506  is  shown  a  duplex  or  double  carbon  lamp- 
designed  for  all-night  burning.  The  regulation  of  the  arc  is 
effected  in  this  lamp  by  a  single  electro-magnet,  D  D,  which 
feeds  both  sets  of  carbons,  and  is  differentially  wound  with 
two  sets  of  coils,  one  of  coarse  wire,  which  is  included  direct¬ 
ly  in  the  arc  circuit,  the  other  of  fine  wire  placed  in  a  derived 
circuit  of  high  resistance.  This  arrangement  of  high  and 
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low  resistance  coils  in  the  lamp  is  necessary  to  adapt  it  for 
use  in  series. 

The  lower  terminal  of  the  coarse  wire  helix  is  electrically 
connected  with  both  upper  carbon  carriers,  and  the  current 
and  feeding  mechanism  are  shifted  simultaneously  at  the 
proper  time  to  the  second  set  of  carbons  by  the  shifting’ 
magnet  M,  included  in  a  derived  circuit  of  high  resistance. 
'The  shifting  lever  C  carries  wedge-shaped  slides  h,  //,  which 
are  inserted  under  the  ends  of  one  clutch  or  the  other,  so  as 

to  trip  it:  and  prevent 
it  from  further  engage¬ 
ment.  with  its  rod. 

While  the  first:  set  of 
carbons  is  burning,  the 
circuit  of  the  magnet  M 
is  open.  The  upper  car¬ 
bon  R  of  the  second  set 
is  held  u])  by  the  hook  L, 
and  the  shifting  lever  is 
locked  in  the  proper  posi¬ 
tion  to  lift  the  first  clutch 
free  and  t  rip  the  second. 
When  the  first  set  of  car¬ 
bons  is  consumed,  the 
circuit,  of  the  magnet  M 
is  completed  by  a  stop  II 
on  the  upper  rod  R  com- 

Plan  View  .if  Frail i n j.  Madianisiii.  *<>R  into  contact  will,  the 

guide  K,  and  the  shifting 
magnet,  drawing  up  its  armature  G,  lifts  the  detent  from 
the  lever  C,  allowing  it  to  swing  off,  and  at.  the  same  time 
reverse  the  positions  of  the  slides  under  the  clutches,  and 
release  the  upper  carbon  of  the  second  set. 

As  the  upper  carbon,  R',  of  the  first,  set  is  supported  out 
of  contact  with  its  lower  carbon  by  the  stop,  the  current  is 
diverted  to  the  second  set  of  carbons  as  soon  as  they  come 
into  contact,  and  the  feeding  magnet  now  works  the  second 
dutch  instead  of  the  first.  This  is  done  instantaneously,  so 
that  no  flicker  in  the  light  is  noticeable. 
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The  feeding  mechanism  of  the  single  lamp  is  the  same  as 
that  of  the  duplex  lamp,  omitting  the  duplicate  parts  and 
the  shifting  mechanism. 

It  is  necessary  that:  the  electro-motive  force  of  the  arc- 
light  machine  should  be  variable'  within  wide  limits,  to  adapt 
the  current  to  a  varying  number  of  lights.  In  this  kind  of 
illumination  the  current  remains  constant,  white  the  electro* 
motive  force  varies  from  that  required  lor  tin'  operation  of 
a  single  arc  lamp  to  that,  necessary  to  overcome  the  insist, 
ance  of  all  of  the  lamps  and  other  resistance  in  the  circuit. 

It  is  obviously  imprac¬ 
ticable  to  regulate  the  elec¬ 
tro-motive  force  by  cluing- 
ingthc  speed  of  the  dynamo. 

In  the  Weston  system  this 
is  effected  by  introducing 
resistance  into  the  held 
magnet  circuit.  The  rheo¬ 
stat  shown  in  Fig.  510  is 
introduced  into  the  held 
magnet  circuit,  as  shown  in 
the  diagram,  Fig.  51 1.  By 
turning  the  lever  of  this 
rheostat  any  amount  of  re¬ 
sistance  may  be  put  in  the 
field-magnet  cireuil,  thus 
varying  the  amount  o(  cur¬ 
rent  used  to  excite  the  held 
magnet,  consequently  varying  the  elect rn  motive  Iona*  of 
the  dynamo. 

The  Weston  dynamo,  however,  does  not  ret  pure  adjust- 
ment  for  every  change  of  resistance  in  the  lamp  circuit.  It 
being  a  shunt-wound  machine,  the  current  w  ill  he  properly 
apportioned  to  the  external  and  internal  circuits  in  aeeuid- 
ance  with  the  resistance  o  lie  red  by  the  external  circuit. 
When  only  a  single  lamp  is  in  operation,  the  resistance  will 
be  only  one  and  one  half  ohms,  as  already  stated,  conse¬ 
quently  the  current  will  be  divided  in  proportion  to  the 
resistance  of  the  external  and  internal  circuits,  so  that  very 
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little  current  will  pass  through  the  field-magnet  circuit,  and 
the  electro-motive  force  will  be  proportionately  small ;  but 
when  the  resistance  of  the  external  circuit  is  increased  by  the 
switching  in  of  additional  lamps,  more  of  the  current  will  be 
diverted  to  the  field  magnet,  thereby  increasing  its  strength, 
•consequently  raising  the  electro-motive  force. 

Fig.  5 1 1  shows  a  number  of  arc  lamps  in  series.  The 
lamp  resistance  of  this  circuit  is  in  direct  proportion  to  the 
number  of  lamps  switched  in  at  any  time. 


Fig.  511. 


In  this  diagram  the  external  circuit,  AA,  including  the 
lamps,  proceeds  from  the  binding  posts,  which  are  directly 
connected  with  the  commutator  brushes  by  wires,  bb.  The 
terminals  of  the  field  magnet  wire  are  connected  with  the 
binding  posts  by  wires,  act.  It  will  thus  be  seen  that  the 
current  taken  by  the  brushes  from  the  commutator  is  divided 
at  the  binding  posts,  passing  from  one  brush  through  the  two 
routes  open  to  it  and  returning  to  the  other  brush. 

The  field-magnet  circuit  is  interrupted  between  the  two 
upper  coils  and  wires,  B,  connected  with  the  coil  terminals 
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and  with  the  rheostat.  This  arrangement  permits  of  in¬ 
troducing  any  required  amount  of  resistance  in  the  field 
magnetic  circuit,  thus  controlling  the  E.  M.  F.  of  the 
machine.  . 

The  Weston  dynamo  is  also  perfectly  adapted  to  incan¬ 
descent  lighting.  With  a  constant  speed  the  regulation  of 
the  current  is  automatic. 

INCANDESCENT  LIGHTING: 

The  arc  light  is  specially  adapted  to  the  illumination  of 
streets  and  large  open  or  closed  areas  ;  but  it  cannot  be  suc¬ 
cessfully  applied  to  lighting  in  a  small  way  like  gas  or  oil. 
The  incandescent  system  permits  the  subdivision  of  the 
current,  and  consequently  of  the  light,  to  any  degree. 

While  lighting  by  incandescence  had  been  the  subject 
of  much  thought  and  experiment  by  different  inventors, 
undoubtedly  Mr.  Edison  was  the  first  to  produce  a  commer¬ 
cially  successful  system  of  incandescent  lighting.  The  suc¬ 
cess  of  the  system  depends  upon  two  principal  features,  the 
vital  one  being  the  high  resistance  lamp,  by  means  of  which 
any  degree  of  subdivision  of  the  current  is  rendered  pos¬ 
sible  ;  the  other  being  the  system  of  electric  distribution 
by  which  the  current  is  furnished  as  required  to  each  lamp. 
The  construction  of  the  lamp  is  clearly  shown  in  Fig.  512,  in 
which  parts  are  broken  away  to  show  the  internal  construc¬ 
tion.  The  description  of  the  several  parts  of  the  lamp 
appears  on  the  page  with  the  illustration.  The  glass  globe  is 
exhausted  so  as  to  remove  as  nearly  as  possible  all  of  the  air, 
thus  preventing  the  burning  of  the  carbon.  The  filament 
which  yields  the  light  consists  of  a  carbonized  strip  of 
bamboo  of  the  size  of  a  horse  hair.  The  diameter  and 
length  of  the  filament  varies  with  the  candle  power  required 
and  with  the  strength  and  voltage  of  current  used  to  operate 
the  lamp.  The  standard  16  candle  power  lamp  when  hot 
has  a  resistance  of  168  ohms  and  requires  a  current  having 
an  E.  M.  F.  of  100  volts;  and,  according  to  Ohm’s  law 

(E  v  100  6 
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Fig.  512. 


Point  where  \ 
two  parts  of  the  \ 
globe  are  joined  \ 
by  fusion. 


Base  of  insu-  w. 
lating  material 
holding  two 
contacts, 


Screw  threads 
toholdiampand 
socket  positive¬ 
ly  together.  Soc¬ 
ket  contacts 
corresponding 
to  lamp  con¬ 
tacts 


Detachable 

socket. 


Exli  trustee, 
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High  resist¬ 
ance  carbon  mo¬ 
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Flat  seal. 


Wire s  sealed 
in  glass. 
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in  shape,  for  re¬ 
taining  the  lamp 
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The  Edison  Lamp, 
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This  amount  divided  among  500  lumps  -5882  ampere  pci 
10 

lamp,  equivalent  to  — ,  as  in  the  case  of  the  single  lamp.  It. 
17 

is  thus  seen  that  with  a  constant  electro-motive  and  a  current 
of  varying  strength  any  number  of  lamps  within  certain 
limits  may  be  operated  on  the  same  circuit. 

The  Edison  dynamo  shown  in  Fig.  513  has  a  drum  arma¬ 
ture  much  like  that  of  the  Weston  machine.  It: differs  how¬ 
ever  from  that  armature  in  having  an  odd  number  of  com¬ 
mutator  bars  and  in  having  an  armature1  core,  built  up  of 


Fra.  514. 


thin  disks  of  soft  iron  insulated  from  the  shaft  and  separated 
from  each  other  by  paper. 

Fig.  514  illustrates  the  method  of  regulating  the  Edison 
dynamo.  The  machine  is  shunt-wound,  and  a  variable 
resistance,  R,  is  introduced  into  the  field,  magnet  circuit. 
Whenever  the  current  rises  or  falls  below  the  normal,  the 
switch  arm  of  the  rheostat  is  moved  by  hand  in  one  direction 
or  the  other,  thus  controlling  the  excitation  of  the  field 
magnet. 

In  this  diagram  (Fig.  514)  is  shown  the  old  method  of 
connecting  the  lamps,  L,  in  the  external  circuit.  Each  lamp 
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is  connected  with  both  ul  the  main  conductors  or  with  wires 
connected  with  t he*  main  conductors.  When  connected  in 
this  way  they  are  in  parallel  circuit ,  ami  in  this  <.  esc  w  hen 
otic  lamp  fails  the  others  are  not  aliected,  \\  het  r  several 
lamps  arc  connected  in  scries  and  the  series  art*  connected  in 
parallel,  if  one  lamp  ot  a  scries  shonld  bail,  tin*  of  her  lamps  t  d 
the  scries  would  he  useless  without  some  devil  r  it »r  auto¬ 
matically  throwing  into  I  he  circuit  a  tesistance  ripiivalrut  fn 
that  of  a  lamp,  thus  maintaining  the  same  » esisiam  e  in  the 
circuit. 

When  the  Edison  electric  <  iicuit  is  arranged  as  .shown  in 


Ft*,  ft-;, 


Fig.  514,  the  conductors  to  carry  the  current  cw  cmnmu  ally 
must  necessarily  be  large,  and  there  is  a  relation  between 
the  cost  of  copper  in  the  circuit  and  the  waste  of  energy 
in  overcoming  resistance  which  cannot  he  tlisrcgaidrtl. 
The  first  cost  of  conductors  is  a  large  it  cun  in  iucamlrsi  cut 
lighting.  In  some  circuits  there  is  economy  in  reducing  t  lie- 
size  of  the  conductor  and  inct easing  the  current.  In  the 
three-wire  system  illustrated  in  big.  515  a  saving  of  (r;  ^  per 
cent,  in  copper  is  made.  Two  dynamos,  Id  I)-(  are  re¬ 
quired.  The  negative  terminal  of  dynamo,  Id,  is  eonum  toil 
with  the  positive  terminal  of  the  dynamo,  I)-,  by  the  wire, 
a.  These  conductors  are  connected  with  the  two  dynamo;* 
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as  follows:  Conductor,  b,  is  connected  with  the  positive 
brush  of  djuiaino,  D1  ;  conductor,  c,  is  connected  with  the 
wire,  a,  and  conductor,  <7,  is  connected  with  the  negative 
brush  of  dynamo,  D“  ;  a  number  of  lamps,  L,  are  connected 
with  the  conductors,  //,  r,  and  lamps,  L1,  are  connected  with 
the:  conductor,  <\  <L  The  central  conductor,  c,  acts  as  a  re¬ 
turn  for  the  first  dynamo  and  a  lead  for  the  second 
dynamo.  When  the  number  of  lamps  between  the  con¬ 
ductors,  b,  c,  and  r,  (/,  is  equal,  no  current  passes  along 
Fig.  51O.  the  0  ond  u c  t:  o  r,  c, 

either  from  or  toward 
the  lamps  or  dynamos, 
and  under  these  cir¬ 
cumstances  the  con¬ 
ductor,  r,  might,  be 
disconnected  from  the 
dynamos  without  in 
any  way  affecting  the 
results  ;  but  when  the 
two  groups  of  lamps 
differ  in  number,  the 
difference  of  current 
will  be  carried  by  the 
central  or  compensat¬ 
ing  conductor. 

When  two  dynamos 
are  combined  on  this 
plan,  these  conductors 
Edison  Current  Meter.  take  the  place  of  four 

connected  up  according  to  the  two-wire  system. 

The  amount  of  current  used  by  each  consumer  is  meas¬ 
ured  by  the  current  meter  shown  in  Fig.  516.  The  ap¬ 
paratus  is  dependent  upon  electrolytic  action.  Two  glass 
cells  placed  in  the  meter  casing  contain  zinc  sulphate  in 
solution.  In  each  cell  are  immersed  two  amalgamated 
zinc  plates,  each  pair  being  connected  up  in  a  shunt  to  the 
main  circuit.  These  connections  arc  arranged  so  that 
niW  °f  the  main  current,  passes  through  one  cell,  and  one 
tenth  of  this  amount,  or  7  0  of  the  whole  current,  passes 
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through  the  other  cell.  The  amount  of  zinc  deposited  on 
the  negative  plate  is  the  basis  of  the  measurement.  The 
negative  zinc  of  the  cell  in  the  circuit  of  low  resistance  is. 


removed  and  weighed  monthly  by  an  inspector,  while  the 
corresponding  plate  of  the  high  resistance  circuit  is  re¬ 
moved  less  frequently  and  weighed  by  another  inspector,, 
thus  guarding  against  mistakes.  The  meter  is  provided  with 
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an  electric  lamp,  arranged  in  the  lower  part  of  the  casing, 
and  with  a  thermostat  which  completes  the  electrical  cir¬ 
cuit  through  the  lamp  when  the  temperature  ol  the  meter 
falls  below  the  prescribed  limit.  The  incandescent  carbon 
furnishes  the  heat  required. 

In  Fig.  5 17  is  illustrated  the  interior  of  the  Edison  cen¬ 
tral  lighting  station  at  Harrisburg,  Fa.  The  dynamos  are 
driven  by  belts  directly  from  the  ily-whecls  of  highspeed 
engines.  In  some  lighting  stations,  dynamos  very  much 
larger  than  those  here  shown  are  employed.  Their  arma¬ 
tures  are  mounted  upon  the  crank  shafts  of  high-speed 
engines.  Some  of  these  armatures  weigh  over  lour  tons 
and  require  130  horse  power  eacli  to  drive  them. 

ALTERNATING  CURRENT  SYSTEM. 

In  this  system  the  lamps  are  supplied  with  a  secondary 
alternating  current;  produced  in  an  induction  coil  by  a  pri¬ 
mary  current;  from  an  alternating  dynamo.  The  primary 
current  has  an  electro-motive  force  of  1,000  to  1,100  volts, 
while  the  secondary  current  has  an  electro-motive  force  ni 
only  50  volts.  The  induction  coil  used  to  convert  currents 
ol  high  E.  M.  F.  to  currents  of  low  E.  M.  E.  has  received 
different  names  in  different  systems.  In  one  it  is  a  second¬ 
ary  generator,  in  another  a.  transformer,  and  in  another  -the 
one  here,  described--  it;  is  known  as  a.  converter. 

The  current:  of  high  E.  M.  E.  may  be*  economically  trans¬ 
mitted  to  points  far  distant,  from  the  generating  station, 
where  they  may  be  used  to  induce  currents  of  lower  E.  M. 
E.  adapted  to  incandescent  lighting. 

The  Westing-house  system,  which  is  illustrated  in  the 
accompanying  engravings,  has  been  largely  int  mdueed, 
both  in  this  country  and  Europe.  The  dynamo  used  in  this 
system  is  the  invention  of  Mr.  Stanly.  It  is  shown  in  Eigs. 
5 iK  and  5 uj,  the  first;  being  a  side  elevation,  die  second  a 
front,  sectional  elevation. 

Upon  the  bed  plate,  A,  is  adjustably  mounted  the  frame, 
IF,  of  the  held  magnet.  'Phis  may  be  moved  longitudinally 
on  the  base  by  means  ol  the  screw,  r,  provided  with  the 
handwheel,  (\  Sixteen  magnet,  cores,/,  project  inwardly 
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from  the  nw^nci  frame,  U,  on  radial  line-,  meeting  in  the 
axivS  of  the  armature.  The  held  magnet  mils  ai e  glared 
on  the  cores,/,  and  secured  by  collars,,*;.  The  held  magnet 
is  excited  by  a  direct  current,  from  a  sepaiate  machine. 

The  held  magnet  connections  art'  made  so  as  to  produce 
N  and  S  poles  alternately ,  entirely  arouml  the  circle  ol  the: 
magnet. 


cmlU  \  irw  111  litr  \\  r%tmi4U-.n%r  In  imiiio, 

The  rore  of  t he  armature  of  tins  mat  him*  1 1 ujsists  « if 
a  cylinder  built,  tip  of  disks  of  thin  sheet  iron,  insulated  loan 
each  other  and  clamped  firmly  together.  Atoumi  the  t  it 
eumference  of  t lie  cylindrical  core  ate  arranged  Hat  t  *»ik  <4 
wire,  one  layer  deep.  These  coils  an*  tin  it  ottgldv  insulated 
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The  ends  of  these  coils  bend  down  over  the  sides  of  the 
core  and  are  clamped  by  annular  plates.  'The  coils  art;  con¬ 
fined  in  position  on  the  periphery  ol  the  armature  by  wind¬ 
ings  of  piano  wire. 

The  arrangement  of  the  coils  ol  the  armature  is  shown 
diagrammatically  in  Fig.  520.  It  will  be  seen  that,  the  coils 
are  wound  alternately  in  opposite  directions,  and  that;  there 


Front  I',l ovation  of  Dynamo. 

arc  only  two  terminals  for  the  entire  series  of  ('oils,  These 
are  connected  with  two  rings  carried  by  the.  armature,  shaft, 
but;  insulated  from  it;  and  from  each  other,  A  collector 
brush  touches  each  ring.  The  conductors  that;  convey  t her 
current  are  connected  with  these  brushes.  As  the  armature 
coils  approach  the  magnet  poles  a  current  is  set  up  in  them 
in  one  direction,  which  is  reversed  as  the  coils  leave  the 
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magnet  pules  and  approach  t he  uc\!  pules  <>1  ( he  series, 
which  are  ul  a  different  name.  Plies**  t evei sals  u(  (lie  cur- 
real  occur  with  i^reat  rapidity.  Phe  cum  erter,  which  is  fht‘ 
essential  leature  of  the  system,  is  shown  in  one  hum  in  h’i^. 
521.  'Phis  is  a  reversed  induction  coil,  c..  its  pi  imarv  wire 
is  small  and  of  ^reat  length,  w  hile  its  secondary  is  lar^e  and 
comparatively  short . 

'Phis  converter  is  fornu'd  of  two  oblong  coils  ot  insulated 
wire  in  which  are  inserted  the  tongues ol  K shaped  pieces  of 
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sheet  iron  front  opposite  sides  of  the  c«  »il,  s» »  that  the  parallel 
amts  of  the  h  s  overlap  each  othri  within  and  without  the 
coil.  A  more  recent  arrangement  of  the  bun  plates  is  shown 
in  h  ifjp  5~->  'vhieh  is  a  t  ran  verse  section  1  >t  fin*  tomcifer 
now'  used,  1  he  plates  are  formed  of  a  single  pita  e,  w  it h  the 
central  tongue  separated  by  slits,  /  /.  The  whit's,  f\  thus 
formed  an*  bent  back  want  toward  the  ends  of  the  plate 
while  it  is  bring  inserted  in  its  place  in  the  coil.  They  arc 
afterward  returned  to  their  original  position. 
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These  plates  alternate  in  position  so  as  to  “  break  joints.” 
All  plates  used  in  converters  are  covered  upon  one  side 
with  paper  to  prevent  the  circulation  of  Foucault,  currents 
in  the  core. 

The  converter  is  contained  in  a  water-tight  cast-iron  box, 
as  shown  in  Figs.  523  and  524.  The  terminals  of  both  coils, 

Eic;.  521. 
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Tho  Convener. 

P  S,  arc  provided  with  fusible  strips,  ,g,  for  protecting  the 
circuits,  and  with  plug  switches,  h  i,  for  connecting  and  dis¬ 
connecting  the  wires.  The  fusible  strips  and  switches  at;c 
protected  by  both  glass  and  metal  covers. 

The  converters  are  commonly  made  in  three  sizes, 
adapted  to  supply  40,  30  20,  50-volt,  16-can  die  incandcs- 
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cent  lamps  each.  Larger  and  smaller  converters  have  been 
made.  It  is  stated  that  the  efficiency  of  these  converters 
exceeds  95  per  cent,  when  the  E.  M.  F.is  reduced  from  1,000 
volts  in  the  primary  to  50  in  the  secondary  or  lamp  circuit. 

The  ratio  of  the  number  of  turns  of  wire  in  the  primary 
to  the  number  of  turns  of  wire  in  the  secondary  should  be  as 
the  E.  M.  F.  of  the  primary  to  the  E.  hi.  F.  of  the  secondary. 

For  example,  if  the  E.  M.  F.  of  the  primary  is  500  volts 
and  the  E.  M.  F.  of  the  secondary  is  required  to  be  50  volts,. 


Fig.  522. 


the  primary  will  require  ten  times  as  many  convolutions  as- 
the  secondary. 

The  relative  arrangement  of  the  primary  coil,  P,  second¬ 
ary  coil,  S,  the  dynamo,  D,  and  lamps,  L,  is  shown  diagram- 
matically  in  Fig.  525. 

In  actual  practice  the  converters  are  arranged  near  the 
building  to  be  illuminated,  on  the  poles  which  support  the 
line  wires,  as  shown  in  Fig.  526,  or  they  may  be  placed  on 
the  wall  of  the  building,  in  the  cellar,  or  in  any  other  conve- 
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The  lamps  used  in  connection  with  this  system  are  similar 
to  that  shown  in  Fig.  512;  but  in  this  case  the  high  resist¬ 
ance  filament  is  heated  to  incandescence  by  a  rapidly  alter¬ 
nating  current  instead  of  a  direct  current. 

THE  STORAGE  BATTERY  SYSTEM. 

An  important  method  of  distributing  the  electric  current 
for  illumination  and  other  purposes  is  that  in  which  storage 
or  secondary  batteries  are  employed.  In  one  respect  this 
system  has  the  advantage  over  all  others,  i.  t\,  in  having  a 

Fig.  526. 
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Diagram  of  Lighting  Circuits. 

reserve  of  electrical  energy  which  is  available  at  any  tim 
without  dependence  upon  machinery  of  any  sort. 

A  storage  battery  cell  is  a  chemical  source  of  electr: 
energy  of  such  a  composition  that,  when  exhausted  by  i 
direct  action  upon  any  translating  device,  such  as  an  electr 
light,  it  can  be  regenerated  or  brought  back  to  its  fornn 
condition,  by  the  direct  action  upon  itself  of  an  independe: 
source  of  electric  energy. 

There  is,  in  reality,  no  such  thing  as  the  storage  of  ele 
tricity,  but  what  really  takes  place  is  a  storage  or  accum 
lation  of  chemical  energy  or  power  for  doing  chemical  wor 
electrical  manifestations  being  one  of  the  results  of  su< 
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chemical  work.  A  storage  cell  is  one  in  which  such  chemical 
energy  can  be  stored  up  by  electrical  action,  and  which  will 
yield  an  electric  current  when  such  chemical  energy  is 
permitted  to  do  work.  An  aggregation  of  cells,  called  a  sec¬ 
ondary  or  storage  battery,  affords  another  means  for  the 
extended  and  economical  distribution  of  electricity,  and  a 
system  using  such  a  battery  as  a  source  of  electric  energy 
may  properly  be  called  a  storage  system.  It  consists  in  its 
simplest  form  of  a  generator  of  electricity,  a  set  of  storage 
•cells  or  battery,  and  suitable  translating  devices  such  as 
electric  lamps.  The  battery  is  acted  upon  by  the  generator 
of  electric  energy  until  it  is  charged  or  until  it  is  put  in  a 
condition  to  do  chemical  work.  The  generator  may  be 
quite  weak  and  irregular  in  action,  and  the  time  taken  to 
act  upon  the  storage  cells  may  be  of  long  duration,  but 
sooner  or  later  the  battery  will  be  charged  or  stored,  when 
it  is  ready  to  give  up  in  its  turn  electric  energy. 

The  charging  current  is  discontinued  and  the  battery 
connected  with  the  translating  devices  and  allowed  to  do 
electric  work  until  exhausted,  when  the  cycle  of  operations 
just  described  is  repeated,  and  this  may  be  continued  indefi¬ 
nitely. 

It  will  readily  be  seen  that  by  this  means  any  source  of 
power,  no  matter  how  weak  or  intermittent,  may  be  made 
use  of  to  store  up  chemical  energy  in  such  a  way  that  it  can 
be  made  a  powerful  and  steady  electric  current,  which  is 
ready  for  instant  use  at  any  time.  These  operations  may 
take  place  at  widely  separated  places,  the  generator  being 
.at  one  place,  the  battery  at  another,  and  the  translating 
devices  at  another ;  these  separate  parts  being  located  where- 
ever  most  desirable  or  convenient.  Such  a  system  as  this 
admits  of  great  flexibility,  and  can  be  used  under  very 
adverse  circumstances,  where  other  and  more  direct  systems 
would  be  practically  useless.  In  actual  practice  such  a  sys¬ 
tem  consists  generally  of  a  central  generating  station,  fur¬ 
nished  with  the  necessary  electric  generators,  which  maybe 
of  any  approved  form,  suitable  for  the  charging  of  storage 
batteries.  Here  also  are  located  the  boilers  and  engines  and 
all  the  apparatus  used  in  controlling  and  governing  the  dis- 
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trilwtion  of  the  electric  cunenf.  At  Pinpoint  all  flu-  db.. 
tril  luting;  circuits  critter  at  a  common  -,u  m  bboard.  lit. 
station  also  contains  the  antouiaf  ir  i *  ; ; u i . 1 1  *t  and  -.at*  t  v 
<leviccs.  From  this  point  t  he  ch.u  ou'd  i  o  «  u.K  !.-ad  f < »  tbr 
storage  batteries  at  dillcreut  jda<  e-,,  I  lu-  a*  ui,a  J„-  at  ,tu\ 
point,  where  it  is  desired  to  tc.r  the  eh  *  tin'  tun  rut  a  id  a! 
any  distance  from  the  gcunahim  -.i.ifnm.  I  in  \  mu  v  !»» 
located  in  any  convenient  position  m  tb*  *  ell.u  .»!  tin-  build 
in^s  or  outside  in  the*  yank,  <u,m  t.u  l ,  w  lei  e\  rj  it  i  .  m*  .sf 
convenient  to  place  them. 

TUI',  NT.W  ta.lM  IN  •{**!.  \‘ .  1  i.\iUI'\ 

Probably  no  invention  of  r  «■»  mt  v  *  a:  ,  w  »,t  mu  It  v  a-.f 
electrical  importance  as  t  be  new  .»*  *  unndat.  a  u  bn  b  1  U>  >m.e. 
A.  Kdison  has  added  to  urn  M *  u  e  <  >i  «  i>  ,  in,  al  tl»  \  n 
Through  tile  courtesy  ot  t be  iu\  rnt. a  u  >•  vv «  i « •  ruabtrd 
to  examine  the  battery,  to  ptepaie  tin-  ds .huh;;-,  u  bn  b 
accompany  the  present,  at  tielr,  and  to  e,u  >  am*  addif  n  »ua! 
information  whieh  may  prove  ot  m!«  se  a. 

lmr  the  new  cell  an  absence  » »t  d«  n  notation  k  *  l.iiuu  >1 
whieh  has  never  been  r!uua<  ter  i-.tii  ot  tbr  mi ,*.f  apj.n.v  rd 
lead  batteries.  Its  storage  eapat  if  v  p<  »  unit  o|  m.r.s  said 
to  be  unusually  lar^r.  The  time  mpiard  Un  t  h ai-m,-  and 
diseharo'in^  is  exceedingly  sboi  t.  I  *  *  tl»  sr  m<  nt <•  um-.t  |,r 
added  cheapness  in  tuamdat  Ittir  and  durabifstv .  Hir  iu-j. 
ative  pole  or  positive  element  and  tbr  posit  tv  r  p.  .h*  *  ,* 
ative  element  are  both  similar  in  «  mat  in  fi«»u  and  jio.j.n  t 
ively  composed  of  iron  and  Mtj  «  i M\nlr  »»|  tin  ltd.  When 
placed  in  their  containin^-rell  tbr  plan  -,  are  *.«  paratrd  bv 
sheets  of  pitta  petrha.  The  eh-,  1 1 . *1%  tr  of  this  tm  krl  non 
battery  is  a  solution  ot  potassium  In  «lio\s«lr.  1  |t  p|  tfr 
ConsistK  of  a  sneet  of  stet*!,«u  *y  im  b  m  tim  kiirv-.,  pn  h  *s  alril 
so  as  to  form  a  pid  with  m  fampilu  hob.,  a-.  -,!,«♦«  u  m  I  m. 
5*.B,  In  t.u  h  opening  c it  tin*  pid  a  pot  b«  t  * »i  '.hath * %v  f<-  %, 
Fip  5  Jo.  containing  the  at  live  materia!  i.  pi  ucd.  In  oidm 
to  enable  the  electrolyte  f » »  if.it  b  tbr  ,u  five  matri  s  d,  i be 
boxes  or  pockets  are  prtb.rate*!  with  iit.im  b-4,  ,  t,» 

form  a  kind  of  screen,  whit  h  atrlum-h  it  ..,m  r.d  .  *!»•  ,u  u\v 
material,  permits  the  fret*  cut  ram  r  <  4  tbr  rin  nob  t* 
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The  plates  are  hence  packed  as  closely  tog-ether  as  possible, 
because  there  will  be  less  resistance  and  less  weight. 

The  initial  voltage  of  the  discharge  is  1.5  volts;  the 
mean  voltage  of  full  discharge  is  approximately  1.1  volt’s. 
The  storage  capacity  of  the  cell  per  unit  of  total  mass  is 
14  watts  per  pound,  or  30.85  watt  hours  per  kilo.  The 
mean  normal  discharge  of  the  power- weight  per  unit  mass 
of  total  cell  is  4  watts  per  pound,  or  8.82  watts  per  kilo, 
corresponding  with  a  normal  discharge  period  of  3^  hours. 
At  a  high  rate,  however,  a  cell  can  be  discharged  in  about 
one  hour.  Charging  and  discharging  rates  are  the  same. 
Overcharging  or  discharging  affects  only  the  electrical 
efficiency.  No  active  material  is  ejected  from  the  bri¬ 
quettes  even  under  deliberate  overcharging  and  discharg¬ 
ing.  Whatever  gas  is  produced  appears  externally. 

Changes  of  temperature  seem  to  have  no  effect  upon  the 
cell.  The  electrolyte  does  not  corrode  any  of  the  parts. 
The  electromotive  force  being  below  that  necessary  to 
decompose  water,  no  local  action  apparently  occurs.  Mr. 
Edison  claims  that  a  charged  or  discharged  negative  nickel 
plate  can  be  removed  from  the  working  cell  and  dried  in 
the  air  for  a  week,  apparently  without  injury, and  that  when 
restored  its  charge  seems  practically  uudiminished.  On 
the  other  hand,  the  positive  iron  plate  if  subjected  to  sim¬ 
ilar  treatment  soon  loses  its  charge  by  the  oxidation  of  the 
spongy  iron,  with  a  liberation  of  heat  and  an  appreciable 
rise  in  temperature.  When  replaced,  however,  in  the  cell, 
the  storage  capacity  of  the  plate  is  unaffected  on  recharge. 
According  to  Dr.  Kennedy's  paper  read  before  the  Amer¬ 
ican  Institute  of  Electrical  Engineers,  Mr.  Edison  hopes  to 
manufacture  the  new  cell  at  a  cost  which  will  not  exceed 
that  of  the  lead  battery.—  Scientific  American . 
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Tlu‘  boxes  or  pockets  n insist  ot  perforated  crucible  steel 
cut  from  a  lung  strip  im  h  t lurk.  To  lit  <lu  •sc  In  i\cs 

the  active*  material  is  hydraulically  compressed  in  the  imui 
of  briquettes. 

The  positive  briquettes  tire  compost'd  of  a  Finely  divided 
compound  oi  iron  and  a  neatly  equal  volume  ot  thin  Hakes 
of  graphite.  The  negative  briquettes  are  composed  ot  a 
linely-diyided  compound  ot  nickel  and  an  equal  quantity  of 
fine  Hakes  of  graphite.  In  both  plates  the  graphite  dues 
not  enter  into  any  ot  the  chemical  actions,  but  meielv  assists 
the  conductivity  ot  the  In iquettes.  The  ii on  ami  nickel 
compounds  used  at e  obtained  by  special  chemical  pit utsm-s. 

Each  briquette*  when  placed  in  its  box  is  coveted  In  a 
lid  Fitted  over  t hr  box  or  poiket,  so  that  t lie  briquette  is 
closely  enveloped  on  ail  sides.  Thus  pt  epat  etl,  the  boxes 
are  placed  in  the  openings  or  holes  ot  t heir  respective  grids  ; 
and  the  asst*mbled  plates  are  thrieupon  subjected  to  a 
hydraulic  pressure  ol  some  n *0  tons  in  order  to  eh tse  tin* 
boxes  and  to  foire  their  metal  sides  over  the  adjaeent  sides 
of  ihr  recesses  of  the  steel  giid.  A  single,  solid  steel  plate 
is  thus  piodueed.  Both  |^i  ids  and  boxes  ate  nit  kel  plated 
in  order  to  secure  a.  good  elec  1 1  ieal  couneetiou  bet  \\  mi 
them.  At  any  point  the  maximum  grid  thickness,  alter 
hydraulic  pressure  has  been  applied,  is  0,0/4  inch,  the  pot  krt 
thickness  being  n.i  inch.  The  cell  in  which  tin*  assembled 
plates  are  contained  is  composed  ot  sheet  steel  containing 
the  potash  solution. 

The  charging  current  deoxidizes  the  iron  compound  to 
spongy  metallic  iron  and  conveys  oxygen  through  the  elec¬ 
trolyte  to  the  nickel  compound,  funning  a  hyperoxide  of 
nickel.  In  discharging, the  current  passes  from  the  positive 
pole  and  through  the  ester  mil  circuit  to  the  negative  pole* 
and  its  attached  Iron  or  positive*  plate*,  and  then  through  the 
Solution  to  the  superoxide  plate*,  causing  the  oxygen  to 
move  hack  against  the  current  and  partially  to  reduce  the 
nickel  to  .superoxide,  and  to  nxidi/r  tire  spongy  iron, 

Since  the  potash  solution  theoretically  serves  as  a  con¬ 
veyor  for  tin/  oxygen,  the  amount  of  solution  required  is 
merely  that  which  is  sufficient  to  wet  the  negative  material. 
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The  plates  are  lienee  packed  as  closely  together  as  possible, 
because  there  will  be.  less  resistance  and  less  weight. 

The  initial  voltage  of  the  discharge  is  1.5  volts ;  the 
mean  voltage  of  full  discharge  is  approximately  1.1  volt's. 
The  storage  capacity  of  the  cell  per  unit,  of  total  mass  is 
14  watts  per  pound,  nr  30.85  watt  hours  per  kilo.  The 
mean  normal  discharge,  of  the  power- weight  per  unit  mass 
of  total  cell  is  4  watts  pen*  pound,  or  8.82  watts  per  kilo, 
corresponding  with  a  normal  discharge  period  of  3A  hours. 
At  a  high  rate,  however,  a  cell  can  be  discharged  in  about 
one.  hour.  Charging  and  discharging  rates  are  the  same. 
Overcharging  or  discharging  affects  only  the  electrical 
t'dicitmcy.  No  active  material  is  ejected  from  the  bri¬ 
quettes  even  under  deliberate  overcharging  and  discharg¬ 
ing.  Whatever  gas  is  produced  appears  externally. 

Changes  of  temperature;  seem  to  have*  no  effect  upon  the 
cell.  The  electrolyte  does  not  corrode,  any  of  the  parts. 
The  electromotive  forex;  being  below  that  necessary  to 
decompose  water,  110  local  action  apparent ly  occurs.  Mr. 
Kdison  claims  that,  a  charged  or  discharged  negative  nickel 
plate  can  be  removed  from  the  working  cell  and  dried  in 
the  air  for  a  week,  apparently  wil limit  injury, and  that  whim 
restored  its  charge  seems  practically  undiminished.  On 
the  other  hand,  the  positive  iron  plate  if  subjected  to  sim¬ 
ilar  treatment  soon  loses  its  charge  by  t he  oxidation  of  the 
spongy  iron,  with  a  liberation  of  heat;  and  an  appreciable 
rise  in  temperature.  When  replaced,  however,  in  the  cell, 
the  storage  eapacilv  of  tin;  plate  is  unaffected  on  recharge. 
According  to  Dr.  Kennedy's  paper  read  before  the.  Amer¬ 
ican  Institute  of  Kleetriral  Kugineers,  Mr.  Kdison  hopes  to 
manufacture  the  new  ctdl  at  a  cost  which  will  not.  exceed 
that  of  the  lead  battery.-  Sciaitijic  si  merit  an. 
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riiAi* n-;k  u. 

INI  >Ur  Hi  t\  \\\  t  t .!  M  •  TRI « '  ‘  l  UUKXt'K. 
i  m  i \ i » i  t  n<  t\  t  «  mi  . 

Faradas  dism\  nvd  in  i.igMhnt  a  galvanic  current  was 
capable  t>t  inducing  other  currents  in  w  ii <*s  ur  u  hut  not  in 
font  art  w  it  ii  tin-  cmulm  tor  t  it  t  hr  primal  \  galv  auic  run  rut  ; 
tlirsr  hr  named  ,  ;tt  > ,  uf*  of  iuUnofiott,  hi  ,  </  ,  ;< > tonf.s, 

Siurr  t  hr  disci  »v  rt  v  ot  Farada \ «  t  hr  phrm  »mrna  <  it  in 
durtiou  havr  hern  exhibited  by  iuau\  hums  ni  appai  at  us  ; 
hut  thr  most  sinking  example  n|  imim  t  i\  r  action  is  afh  udrd 
by  thr  imim  t it  m  rt  til,  nr  imturtoj  ium. 

in  Fig.  4  |S  is  illusf  i.itrd  a  uirthoti  n!  pt  odm  mg  «  in  t  ruts 
in  a  mil  by  inserting  a  permanent  mar, art  inti*  {hr  t  oil  ami 
removing  it  thrirtnun.  In  tin*  imim  tiou  mil  an  rlrrf in. 
magnet  is  arranged  permanently  n  it  bin  a  mil  n{  hur  w  it  r, 
and  thr  indurtivr  rltrrt  is  srrurrd  b\  iutri  mit t iug  t hr  cur¬ 
rent  in  thr  rnmlurtoi  ut  thr  rlrrt managnrt.  the  mudur- 
tor  nt  thr  clertrn-tuagurt  is  know  u  as  thr  pi imai  v  mil,  ami 
thr  fmr  win*  r< iil  inclosing  thr  primary  is  known  as  thr  sec¬ 
ondary  roil. 

There  arr  two  mrthuds  of  making  an  imlurtion  mil  ;  t hr 
simpler,  cheaper,  and  pet  haps  thr  best  will  hr  drsi  r  ihrd  in 
ronnrrtion  with  thr  accompanying  rugi usings,  which,  with 
thr  exception  of  Fig.  n  p*.  are  rxarth  tin  rr. eighths  at  Inal 
size,  and  may  hr  used  as  working  thawings  hum  whit  h  to 
construct  the  instiiiment.  Fig.  5  a*  is  a  plan  view.  Fig.  41 
is  a  central,  critical  longitudinal  ms  tiou.  Fig.  •»  g*  topic 
srnts  thr  under  side  of  the  base,  in  plan,  am  I  thr  mudrnsrt 
in  perspective,  and  shows  t hr  connections. 

The  coil  consists  u!  two  portions,  thr  ium  i  m  pi  imam 
and  the  outer  nr  scmndui  v,  Thr  priunu  \  mil,  ( 1 1. m  ists  ot 
two  layers  of  No.  in  mltnu-mvrird  cupper  wire,  width  is 
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wound  upon  a  spool  composed  of  the  thin  paper  or  i 
tube,  A,  and  the  heads,  BB,  which  are  of  vulcanite 
varnished  hard  wood.  The  tube  is  f  inch  internal  di: 
and  the  heads  have  each  a  central  hole  of  the  sau 
These  holes  are  enlarged  or  counterbored  to  receive  t 
of  the  tube,  A,  which  are  glued  or  cemented  there 
the  head,  B',  there  are  two  small  holes  near  the  lar 
tral  hole,  for  the  terminals,  c  d,  of  the  primary  coi 
of  these  terminals  is  put  through  the  head  before  th 
ing  operation  is  begun ;  the  other,  after  the  win 
finished. 

The  primary  coil  must  now  receive  four  coats  o 
rately  thick  alcoholic  shellac  varnish,  each  coat  being, 
to  become  dry  before  another  is  applied.  When  • 
mary  coil  has  become  thoroughly  dry  and  hard,  it 
ered  with  three  or  four  layers,  D,  of  stout  cartridge 
which  is  fastened  by  a  little  gum  along  its  outer  edg 
paper  covering  must  fit  between  the  heads,  BB',  p< 
and  must  be  well  smoothed  and  rounded,  and  varnisl 
shellac,  taking  care  to  cover  the  joints  at  the  ends,  £ 
to  varnish  the  inner  faces  of  the  heads.  The  se 
coil,  E,  consists  of  two  sections  separated  by  an  in 
medium,  G,  which  is  applied  in  the  manner  present! 
described.  The  coil,  E,  is  of  No.  36  naked  copp 
the  two  sections  being  connected  at  H. 

The  winding  is  best  done  in  an  engine  lathe,  t 
being  allowed  to  pass  through  a  fine  guide  in  the  tc 
and  the  screw-cutting  gear  of  the  lathe  being  set  as 
ting  a  very  fine  thread.  The  different  convolutions  of 
should  be  as  near  together  as  possible  without  t 
To  accomplish  the  same  thing  in  an  ordinary  foot 
piece  of  quite  thin  brass  should  be  bent  together  in  a 
and  the  wire  should  be  allowed  to  pass  through  the 
thus  formed ;  the  thickness  of  the  metal  will  regi 
space  between  the  adjacent-  coils  of  wire.  The 
begins  at  the  middle,  leaving  the  terminal,  H. 
of  the  heads  is  reached,  the  coil  or  layer  formed  is 
with  three  thicknesses  of  quite  thin  writing  paper, 
of  which  is  fastened  with  a  little  gum.  The  windii 
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fine  wire  is  now  continued,  toward  the  center  of  the  coil  * 
when  the  second  layer  is  complete,  it  is  covered  as  in  tlr.e 
case  of  the  first  coil,  when  the  third  is  wound  on,  and  so  on 
until  it  is  about  3f  inches  in  diameter.  The  secondary  wire 
should  not  be  wound  close  to  the  head,  a  space  of  about 
inch  should  be  left.  After  winding  one  of  the  sections  oi 
the  secondary  coil,  the  other  may  be  proceeded  with,  tire 
winding  being  done  so  that  one  section  may  be  wound  as  o. 
continuation  of  the  other.  The  inner  terminals  are  con¬ 
nected  at  H,  and  soldered;  the  outer  terminals  are  con¬ 
nected  with  the  binding  posts,  F,  which  are  screwed  into  tire 
upper  edges  of  the  heads,  BBh  For  the  sake  of  strengtlr 
the  outer  ends  of  the  secondary  wire  may  be  four  or  six: 
sizes  larger  than  that  of  the  coil.  The  outer  layers  of  fine 
wire  are  each  partly  covered  with  a  paper  band,  consisting^ 
of  six  layers  of  writing  paper,  which  is  wide  enough  "to 
reach  from  the  head  over  about  two-thirds  of  the  coil  sec¬ 
tion  ;  the  whole  is  then  enveloped  in  a  wrapper  of  stont 
paper,  having  a  hole  directly  in  the  middle  at  the  top, 
through  which  is  poured  melted  resin  to  which  has  been 
added  a  very  small  quantity  of  beeswax. 

This  forms  the  insulating  medium,  G,  which  prevents  tire 
spark  from  leaping  from  one  section  of  the  coil  to  the  other*. 
After  the  resin  cools,  the  thick  paper  is  removed  and  a  cov¬ 
ering  of  smooth  heavy  paper  is  neatly  put  around  the  coil, 
and  upon  it  is  wound  as  closely  together  as  possible  com¬ 
mon  smooth-finished  black  thread.  This  latter  is  not  essen¬ 
tial,  of  course,  but  gives,  the  coil  an  excellent  appearance 
and  forms  a  really  good  covering.  A  thin  sheet  of  ha.rcl 
rubber  or  of  zylonite  forms  a  good  cover. 

In  the  tube,  A,  is  placed  a  bundle,  I,  of  No.  18  soft  iron 
wires.  They  should  be  straight  and  of  the  same  length,  and 
their  outer  ends  especially  should  be  exactly  even.  The  cen¬ 
tral  hole  in  the  head,  B,  is  stopped  by  a  wooden  plug  or  bnt- 
ton,  J.  The  base,  K,  consists  of  a  wooden  box,  neatly  made, 
and  the  size  of  which  may  be  readily  obtained  from  tire 
engravings.  The  coil  is  secured  to  the  top  of  the  box,  a  lit¬ 
tle  nearer  one  end  than  the  other,  by  two  screws,  a  b,  which] 
pass  upward  into  the  heads,  BB\  Near  the  head,  B;,  there 
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is  a  brass  standard,  c,  to  which  is  secured  one  end  of  the 
sl>rai&'>  J>  fkat  supports  the  armature,  f\  exactly  opposite  the 
center  of  the  wire  bundle,  l,  and  about  *4  inch  distant  from 
it.  Opposite  the  middle  ol  the  spring,  /,  and  l/z  inch  from 
it,  there  is  a  post,  //,  through  which  passes  the  platinum 
pointed  screw,  0,  which  touches  a  small  platinum  plate, 
riveted  to  the  center  of  the  spring,/.  The  post,  n,  is  split 
longitudinally,  and  clamps  the  screw,  0,  with  some  little 
pressure,  to  prevent  it  from  jarring  loose  by  the  vibrations 
of  the  spring, /. 

The  commutator,  L,  consists  of  a  vulcanite  cylinder  on 
which  are  screwed  two  copper  bars,  /  in,  one  of  the  screws 
•of  the:  bar,  /,  coming  into  contact  with  the  pivot,  g,  and  one 
of  the  screws  of  the  bar,  in,  coming  into  contact  with  the 
pivot:,//.  The  pivots,  j>-  h,  turn  in  posts,  i  j,  which  spring 
against  the  shoulders  of  the  pivots  to  insure  a  perfect  con¬ 
tact.  The  pivot,  //,  is  elongated  and  provided  with  a  vul¬ 
canite  handle,  k\  The  binding  posts,  r  s,  arc  connected  by 
copper  springs,/*  q,  with  the  copper  bars  on  the  vulcanite 
cylinder. 

In  the  base  of  the  instrument  is  placed  the  condenser,  M, 
which  is  composed  of  sheets  of  thin  tin  foil  alternating  in 
position,  as  shown  in  Fig.  532 — the  ends  of  the  sheets,  (>, 
projecting  beyond  the  sheets,  P,  to  the  right,  the  ends  of  the 
sheets,  P,  projecting  beyond  the  sheets,  O,  to  the  left.  The 
sheets,  (),  are  insulated  from  the  sheets,  P,  by  sheets  of 
paper,  N,  which  have  been  coated  with  shellac  varnish  and 
well  dried.  While  the  sheets,  O,  do  not  touch  the  sheets,  P, 
the  latler  are  all  connected  together  at  one  end,  and  are  in 
electrical  connection  with  the  wire,  Q.  Similarly  the  sheets, 
(),  arc  connected  with  the  wire,  R. 

A  piece  of  pasteboard,  v,  is  placed  upon  each  side  of  the 
condenser  thus  formed,  and  the  whole  is  fastened  together 
by  tape  running  around  it  in  two  directions,  and  the  con¬ 
denser  is  held  in  place  by  bits  of  cork,  u>,  which  are  pressed 
by  the  bottom,  X,  when  it  is  in  its  place.  The  condenser 
has  forty  square  feet  of  tin  foil  surface.  The  connections 
are  made  as  follows: 

The  battery  wires  arc  connected  with  the  binding  posts, 
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r  y,  the  current  passes  through  the  springs,  q,  bars,  / 
pivots,  /^,  to  the  posts,  i  j.  The  post,  j,  is  connected 
directly  with  the  terminal,  c,  of  the  primary  coil,  C.  The 
post,  i,  is  connected  by  the  wire,  t,  with  the  post,  n ,  and  the 
terminal,  d,  of  the  primary  coil  is  connected  with  the  post., 
c.  The  battery  current  passing  through  the  primary  coil 
renders  the  wire  bundle,  I,  magnetic:  the  armature,  is. 

Fig.  532. 


attracted  toward  it,  breaking  the  electrical  connection  at  t  he 
end  of  the  screw,  a,  when  the  iron  wire  bundle  loses  its 
magnetism,  and  the  armature  flies  back  until  the  .spring,  y„ 
again  touches  the  screw,  0,  when  the  armature  is  again" 
attracted,  and  so  on.  When  the  current  is  broken  in  this 
manner,  if  the  condenser  be  detached,  there  is  a.  large  spark 
at  the  end  of  the  screw,  0,  as  the  extra  current  is  discharged 
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from  the  primary  c-oil,  but  when  the  condenser  is  connected 
by  the.  wires,  O  R,  with  the  posts,  r  a,  the  spark  is  very 
much  decreased  in  intensity,  as  the  extra  current  is  diffused 
in  the  condenser,  and  thus  prevented  from  opposing  action 
of  the  primary  current. 

The  binding  posts,  F,  have  each  two  holes  and  two  bind¬ 
ing  screws.  One  set.  of  holes  receive  the  pointed  rods,  S, 
the  other  the  conducting  win's,  T.  This  coil,  if  carefully 
made,  will,  when  the  current,  is  interrupted,  give  a  spark 
rA  inches  long  between  the  points  of  the  two  rods,  S,  by 
using  two  large  (ireuet  battery  cells.  The  current  may  be 
reversed  by  turning  tin1  pole  changer  or  commutator,  JL, 
through  a  hall  revolution,  and  it  may  be  stopped  altogether 
by  turning  t lit*  bars,  /  out  of  contact  with  the  springs,/ q. 

It  requires  a  little  more  than  a  pound  of  wire  for  both 
sections  ol  the  secondary  coil,  hut,  of  course,  the  quantity 
will  vary  some' what  with  the  maimer  of  winding.  By 
observing  the  proportions  given,  coils  of  other  sizes  may  be 
made  from  these  drawings. 

Another  method  ol  construction  consists  in  winding- silk- 
covered  wire-  entirely  across  the  spool,  and  insulating  each 
layer  by  a  coating  of  shellac  and  two  or  three  thicknesses 
of  paper  coated  with  shellac;  varnish  or  melted  paraffine.  StiU 
another  method  consists  in  making  the  secondary  coil  of  very 
thin  sections,  and  insulating  the  sections  one  from  the  other 
by  disks  of  hard  rubber,  hut  the  plan  acre  given  is  undoubt¬ 
edly  the  easiest,  and  a  coil  made  in  this  maimer  gives  good 
results.  With  it  most,  if  not  all,  of  the  experiments  usually 
performed  with  induction  coils  may  be  accomplished. 

For  example,  it  will  charge  a  Leyden  jar,  decompose 
water,  explode  blasting  cartridges,  light  gas,  exhibit  the 
phenomena  of  electric  light  in  vacuo,  and  may  be  used  in 
many  very  interesting  experiments. 

KK I’KRIM KN'TS  WITH  TIIH  INDUCTION  COIL. 

The  spark  between  the  points  of  the  wires  that  extend 
from  opposite  ends  of  the  coil  toward  its  center  is  of  itself 
interesting.  It  is  in  fact  a  miniature  discharge  of  lightning 
of  which  we  have  entire  control. 
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to  %  inch  from  the  rods,  which  arc  connected  with  the  ter¬ 
minals  of  the  secondary  coil  * -as  shown  in  Fig.  5,yy  the  spark 
leaps  downward  to  the  mica  surface,  and  then  travels  in  a 
tortuous  route  to  the  vicinity  of  the  point  of  the  other  rod 
and  leaps  upward. 

These  sparks  follow  each  other  in  such  rapid  succession 
that  the  mica  appears  to  have  several  sparks  traveling 
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across  it  at  once,  but  such  is  not  the  case.  Only  a  single 
spark  traverses  the  mica  at  a  time,  the  impressions  of  the 
successive  sparks  being  retained  on  the  retina  a  sufficient 
length  of  time  to  cause  the  several  sparks  to  appear  as  if 
simultaneous.  By  placing  the  mica  plate  in  contact  with 
the  two  rods,  the  spark  may  be  made  to  travel  further  than 
it  would  otherwise.  B)'  separating  the  rod  somewhat  more 
than  the  length  of  the  spark  and  placing  the  mica  from  l/& 
to  %  inch  below  it,  the  current  will  be  diffused  over  the 
mica  surface  in  radial  purple  streams.  When  one  of  the 
rods  is  allowed  to  project  considerably  over  the  silvered 
portion  of  the  mica,  and  the  other  is  allowed  to  project  over 
it  but  very  little,  as  shown  in  Fig.  534,  the  current  escapes 
to  the  mica  surface  in  purple  streams  and  is 
•diffused  in  all  directions. 

When  a  piece  of  glass  is  placed  between 
the  points,  the  spark  will  be  deflected  and 
pass  around  the  edge  of  the  glass.  When  a 
candle  flame  is  placed  near  the  path  of 
the  spark,  this  diverges  toward  the  flame. 

The  current  will  travel  in  all  directions 
over  a  surface  sprinkled  with  any  finely 
divided  metal,  and  will  deflagrate  some  of 
the  particles  of  the  metal. 

By  connecting  a  wire  with  one  terminal  ExPer™ents  with 
of  the  secondary  coil,  and  allowing  its  free 
end  to  dip  in  a  glass  of  water,  and  placing  a  wire  connected 
with  the  other  terminal  near  the  surface  of  the  water,  a 
spark  will  be  obtained  from  the  water.  By  incasing  each 
of  the  terminal  wires  in  a  glass  tube — leaving  only  the 
end  exposed — and  dipping  the  two  wires  thus  incased  in  a 
glass  of  water,  with  their  exposed  ends  near  together,  a 
vivid  spark  will  be  seen  to  pass  from  one  wire  to  the  other, 
showing  that  the  spark  is  not  extinguished  by  water. 

A  rapidly  whirling  disk,  Fig.  535,  as  viewed  by  the  dis¬ 
charges  of  the  induction  coil,  appears  stationary  when  the 
passage  of  the  sparks  and  the  passing  of  the  radial  bars  of 
the  disk  by  a  fixed  point  occur  simultaneously.  This  experi¬ 
ment  exhibits  the  great  velocity  of  the  electric  spark. 
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By  increasing  the  speed  of  the  disk,  or  reducing  the  rate 
of  vibration  of  the  interrupter,  the  disk  appears  to  set  up  a 
slow  retrograde  motion.  By  decreasing  the  speed  of  the 
disk,  it  appears  to  move  slowly  forward. 

A  speed  may  be  reached  at  which  the  two  series  of 
radial  bars  seem  to  rotate  in  opposite  directions.  At 


Fig.  537. 


Gas  Pistol. 


another  speed  the  central  series  rotates  while  the  outer 
series  stands  still,  and  the  black  spots  turn  in  orbits  of  their 
own  at  the  ends  of  the  stationary  bars. 

A  Leyden  jar  being  placed  on  an  insulated  table,  K  (Fig. 
536),  and  having  its  inner  and  outer  coatings  connected  with 
the  poles  of  the  coils  by  wires,  p  q,  adds  greatly  to  the  inten¬ 


sity  of  the  spark  between  the  pointed  rods  connected  with 
the  coil.  The  jar  may  be  charged  by  insulating  it  and  con¬ 
necting  one  of  the  poies  of  the  induction  coil  with  the  ball 
of  the  jar,  and  placing  a  wire  connected  with  the  other  pole 
a  little  distance  from  the  outer  coating.  The  jar  may  be 
discharged  with  the  ordinary  discharging  rod. 

By  placing  between  the  secondary  wires  in  the  path  of 
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the  spark  any  highly  inflammable  substance,  like  gun-cotton 
or  common  cotton  sprinkled  with  lycopodium,  it  is  read¬ 
ily  exploded.  Ether  and  the  light  hydrocarbons  may  be 
ignited  in  a  similar  wav.  A  mixture  of  illuminating  gas  and 
air  may  be  exploded  by  the  spark  by  employing  the  gas 
pistol  shown  in  Fig.  537.  This  consists  of  a  small  tin  can, 
D,  having  a  mouth  fitted  with  a  cork,  and  an  insulated  rod 


Fig.  539- 


Apparatus  for  Decomposing  Water. 


passing  through  one  side  and  nearly  touching  the  other. 
When  this  contrivance  is  filled  with  a  mixture  of  gas  and 
air,  and  the  knob,  A,  is  presented  to  one  pole  of  the  coil 
while  the  can  is  in  communication  with  the  other  pole,  an 
explosion  follows. 

Stateham’s  fuse,  shown  in  Fig.  538,  is  employed  in  elec¬ 
tric  blasting.  It  is  simply  a  gutta-percha-covered  con¬ 
ductor,  twisted  together  and  interrupted.  It  is  buried  in 
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placing  them  in  the  gas  pistol  ami  exploding  them  1  > y  a 
spark. 

The  experiments  already  described,  although  verv  inter¬ 
esting  and  instructive,  do  not  compare  in  splendor  with  flu* 
class  of  experiments  in  which  the  electric  discharge  j  Kisses 
through  a  rarefied  medium. 

The  remarkable  beauty  and  brilliancy  of  the  discharge 
is,  perhaps,  best  exhibited  by  the  well  known  (JeK-dei’s 
tubes,  several  forms  of  which  are  shown  in  lag.  yp  ».  In 
these  the  color  of  the  discharge  varies  w>th  the  vapor  mm 
tained  by  the  tube,  and  it.  is  also  modified  hv  the  pualit  \  »>t 
the  glass  composing  the  tube. 

In  Fig.  541  the  magnificent,  si  rue  vhieh  an*  produce*  i  in 


Fu;.  541. 


GeissUir's  Tubes  slimvhijf  .Str;ili!ir;ui<mts. 


these  tubes  arc  represented.  These  sti’ia*  var\‘  in  shape, 
color,  and  luster  with  the  degree  of  vacuum,  the  dimetesh ms 
of  the  tube,  and  the  nature  of  the  gas  or  vapor  fhumglt 
which  the  discharge  takes  place.  In  this  ligure  the  stii.e 
given  by  hydrogen  are  represented. 

The  electric  egg,  shown  in  Fig.  54.;,  is  simply  a  large*  egg. 
shaped  glass  vessel,  having*  a  stop  coek  for  attaching  it  t>> 
an  air  pump,  and  provided  with  a  sliding  rod  at  the  top,  ;utd 
a  metal  rod  at;  the  bottom,  which  terminates  in  a  hall  and  is 
in  metallic  connection  wit ii  the  base.  The  air  being'  ex¬ 
hausted,  and  the  upper  and  lower  rods  bring  counts  let  I  w  ith 
the  poles  of  the  induction  coil,  the  light  tuft  bet ween  the 
two  rods  will  assume  on  ovoidal  form,  and  will  hrt  utnr 
more  nearly  spherical  as  the  air  becomes  more  rare.  When 
a  piece  of  metal  is  presented  to  the  side  of  tin*  egg,  the-  run 
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rent  will  be  diverted  from  ils  path  and  How  toward  the 
side  of  the  egg,  as  seen  in  the  figure  at  tin;  left.  When  the 
glass  globe  contains  a  small  portion  of  the  vapor  of  alcohol, 
naphtha,  or  any  light  hydrocarbon,  the  character  of  the 
light  is  changed,  being  stratified,  as  shown  in  the  central 
figure. 

The  experiment,  known  as  (lassiot.'s  cascade1  < T'ig.  543)  is 


Hi. 


Khrtrif.  Kkrh. 


very  beautiful.  A  goblet  coated  with  tinfoil,  alter  the  man¬ 
ner  of  a  Leyden  jar,  is  placed  in  a  vacuum,  'flic  induction 
current  is  carried  to  its  bottom  by  the  win*  passing1  through 
the  cap  of  the  air  bell.  The  other  electrode  being  in  com¬ 
munication  with  the  air  pump  plate  on  which  the  apparatus 
stands,  when  the  current:  is  established,  “  the  goblet.  over* 
Hows  like  a  fountain,  with  a  gentle  cascade  of  light,  wavy 
and  gauze-like,  falling  like  an  auroral  vapor  on  the  metallic 
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The  beautiful  experiment  illustrated  in  Fig.  544  is  due 
to  Mr.  Reynold  J'anney,  of  Wilmington,  O.  It  consists  in 
passing  the  discharge  of  a  Wimshurst  machine  or  induction 
coil  over  a  board  covered  with  tinfoil  divided  into  ^  inch 
squares.  The  discharge  splits  up  into  many  branches,  each 
of  which  resembles  a  miniature  lightning  stroke.  The  dis- 


Ficj.  544. 


charge  from  a  coil  like  that  just  described  will  readily  pass 
over  such  a  board  six  feet  in  length.  The  best  method  of 
making  this  apparatus  is  to  apply  two  or  three  coats  of 
shellac  varnish  to  a  smooth  pine  board,  allowing  it  to  be¬ 
come  thoroughly  dry,  then  applying  the  tinfoil  and  causing 
it  to  adhere  by  passing  over  it  a  warm  sad-iron,  which  melts 


Fig.  545. 


the  shellac  so  that  as  soon  as  it  becomes  cool  the  foil  is 
firmly  cemented  to  the  board.  The  squares  are  formed  by 
cutting  througn  the  foil  longitudinally  and  transversely  by 
means  of  a  sharp  knife  guided  by  a  straight  edge. 

In  Fig.  545  is  shown  a  word  formed  by  sparks  leaping' 
over  spaces  in  a  narrow  strip  of  foil.  The  discharge  pro- 
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duces  luminous  cll’ccls  at  llu*  interruptions  only.  By  a 
carelul  arrangement  of  t lit'  interrupted  and  uninterrupted 
strips  ot  tinloil,  almost  any  design  capable  of  briiti>'  formed 
in  outline  may  be  produced  in  brilliant  luminous  lines. 

AT  ItnlK  \1M1S  OK  TUI',  !•;  i  ,KC‘]'R]  C  SKARK. 

Fleet  l  icit  v  ot  very  hit'll  tension,  wdien  discharged  on  the 
su i  lace  ot  a  bodv  having  \  cry  low  conductivity,  forms  a 
luminous  arborescent  imape,  showing’ the  path  of  one  or 
more  ol  tin'  sparks  insulting  tnun  the  discharge.  The 
enatic  course  taken  bv  t he  spark  may  be  due  to  the  com¬ 
pression  o!  ail*  in  the  path  ol  the  discharge  or  to  the  sttpe- 
liot  conducting  j>ower  ol  some  [tortious  ^ 

<>l  the  c( uiduct < >r,  or  to  both. 

The  autographic  record  ol  such  a. 
discharge  is  sometimes  found  on  the 
bodies  ol  persons  struck  by  li^hl niu^-,  t he 
t ree  like  appearance  ol  the  marks  ^’iviii£ 
rise  to  the  erioncous  notion  that,  the 
liRhtninju’  in  some  way  photographs  upon 
the  both  (he  Imuju'e  ol  trees  in  the  vicinity 
ol  the  catastrophe, 

Doubtless  t he  same  marks  mijylit  be 
produced  upon  the  body  by  the  discharge 
of  a  i  loll/,  machine  or  a  tar^e  induction  coil  ;  but  this  is  an 
expci  imeiit  lor  which  it  would  be  difficult  to  hud  a  subject. 

Fi”,  >h>  is  an  accurate  copy  ol  a  photograph  taken  Iroiti 
the  arm  of  a  boy  who  had  been  struck  by  ltd'll  I  uinp'.  llere 
the  marks  bear  a  striking  resemblance  to  some  forms  of 
vegetal  ii  m. 

The  writer  in  striving  to  secure  an  autographic  record 
of  bi^h  tension  electrical  discharges  t  ried  a  lar^'e  number  of 
films  before*  finding  one  sufficiently  delicate  to  be  impressed 
by  the  discharge  and  at  the  same  time  having  enough  lirm- 
uess  to  prevent  it  Irotn  beiiij^  blown  away  by  tin1  spark.  A 
thin  lilm  of  smoke  on  “’lass,  fixed  by  means  of  alcohol, 
yielded  the  first  results ;  but.  t  he  difficulty  of  sat u ruling  the 
film  with  alcohol  without  destroying  it  was  considerable. 
Finally,  a  smoke  film  formed  on  ju'lnss  previously  coated 
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very  slightly  with  kerosene  oil  was  adopted  as  the  most 
practicable.  The  glass  was  prepared  for  smoking  by  smear¬ 
ing  it  over  with  the  oil,  then  removing  all  but  a  trace,  then 
smoking1  it  lightly  over  a  very  large  gas  jet  or  over  a 
candle. 

The  glass  plate  thus  prepared  was  arranged  between  the 


Fig.  546. 


Marks  produced  by  Lightning. 


terminals  of  the  induction  coil,  at  right  angles  to  the  ter¬ 
minals,  so  that  the  discharge  might  be  directly  against  the 
smoked  surface  of  the  glass,  as  shown  in  Fig.  547. 

The  coil  employed  was  capable  of  yielding  a  i-|  inch 
spark,  and  the  pointed  terminals  were  separated  inch.  A 
single  spark,  or  what  appeared  to  be  such,  from  the  nega¬ 
tive  terminal  of  the  coil  produced  upon  the  film  a  spot  like 


IMU  CTInN  MV  KLKCTRIC  ( 'U KRKNl'S. 


one  of  those  shown  in  log.  548.  These  spots,  to  tl®,  unaided 
eye,  appear  like  small  holes  through  the  film  ;  micro- 
senpie  examination  shows  them  as  composed  of  a  lfrgenum- 
her  of  very  crooked  lines  cut.  out  of  t&p‘ smoko!  fifin,  and 
strongly  resembling  a  tuft,  of  wool.  Fig.  ^9  vshows  a  figure 
produced  by  a  succession  of  diseharg,es.;,vThdse  figures  in¬ 
dicate*  the  splitting-  up  of  the  discharge in^'seywalfeinclu's. 
It  might  at  first  appear  that,  the;  structure  of  J||e  lilm ’would 


if  i  * 


t *t i*4i icni  nf  itu:  Plait,*  between  the  Terminals, 


hav<*  some  influence  on  the  direction  of  the  discharge  and, 
consequently,  on  the  character  of  the  lines;  but  the  other 
markings  shown  are  so  characteristic,  and  so  evidently  inde¬ 
pendent  of  the  structure  of  the  film,  that,  it:  seems  almost 
certain  that  the  nature  of  the  him  had  very  little  to  do  with 
the  direction  taken  by  the  spark. 

logs.  548  to  55-’,  inclusive,  are  photo-micrographs  of  vari 
ous  marks  produced  in  the  manner  described,  taken  under  a 
magnification  of  Jo  diameters,  and  the  engravings  of  these 
electro-autographs  are  produced  by  photo-engraving,  with¬ 
out  any  additions  or  modifications  whatever,  so  that  faith- 
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ful  reproductions  of  the  original  work  done  by  the  elec. 

tricaL  discharge  are  presented  herewith.  The  figures  num. 

bered  548  to  551  were  produced  by  the  discharge  from  the 
negative  terminal  of  the  coil,  while  the  mat  Its  shown  in  Rig-. 
552  were  made  by  the  discharge  from  the  positive  terminal. 

The  sagittate  forms  of  the  larger  marks  in.  Fig.  55o 
are  produced  by  a  heavier  discharge.  The  sagittate  and 
bird-like  forms  shown  in  Fig.  551  arc  rare  occunence,. 


Fig.  552. 


Autograph  of  the  Electric  Sparlr. 


but  they  arc  of  substantially  the  same  nature  as  those 
shown  in  Fig.  550.  Figures  resembling  these  have  been 
seen  in  vacuum  tubes,  and  sketched  by  Dc  la  Rue.  Re¬ 
productions  of  some  of  his  drawings  are  given  in  Fig-.  553  : 
1  in  this  cut  shows  strife  in  which  each  section  resembles 
an  arrow  head,  the  points  always  extending  toward  the 
negative  conductor ;  2  shows  the  tendency  of  stride  to 

become  conical ;  3,  4,  and  5  show  sagittate  forms  similar 
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Id  those  shown  iu  (lit-  autographs,  Kij;\s.  550  and  551,  bul 
the  images  dI  them  vanished  when  the  current  eeased  ;  (>  in 
Kitf.  55d  slunvs  lnrius  taken  by  I  In*  discharge  from  the  posi- 
live  teriniiial  in  a  vacuum  lube,  which  have  substantially 
the  same  appearance  as  the  marks  shown  iu  h'i^.  55 j. 

T«  0  ]icculiarilics  are  notired  in  the  marks  in  h'i<;\  55a,  one 
beiiifi'  the  longitudinal  grooves  in  each  mark,  the  other  the. 
evidences  of  the  ricocheting  of  the  spark. 


Flumes  fiiumnt  liy  I  hr-  Klrrtrlc  IliHfliniK1'  in  Vainium  TuUom, 


I )e  In  Rue  says:  "The  gases,  iu  all  probability,  re- 
ceive  impulses  iu  two  directions,  at  right  angles  to  each 
other,  that  from  the  negative  being  the  more,  continuous  of 
the  two.”  The  autographic  records  here  shown  seem  to 
bear  out  this  theory,  since  all  of  the  arrows  have  lateral  en¬ 
largements  and  point  toward  the  negative. 

The  longitudinal  gn  10 vine’s  of  the  marks  made  by  the 
sparks  from  the  positive  terminal  are  suggestive  of  a  multi¬ 
ple  discharge. 
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'  INDUCTION  HAI.ANiT:  AM*  U  I  HUM  P:Ti:  K. 

With  this  apparatus  tin-  condition  >>l  the  liearim',  nppn 
ratus  may  ha  aseerlaiued.  ami  t lu-  henria-  eapaeil  v  m.iv  In¬ 
accurately  measured.  Il  lias  hern  c  I  cl  c- nn  iut-t  t  liy  1 1"'  "sr  ol 
this  instrument  that  there  is  a  wide  dillrrcurr  I h«- 

hcarint*'  powers  of  dilfrrrnl  individuals,  ami  llial  Hum  is 
often ’d  marked  difference  lielwerit  (In-  hem  inn  "*  Hu- 

two  ears  in  the  same  individual. 

While  this  use  is  very  ini  crest  inn,  amusin”'.  and  in-.liucl 
ive,  another  applienlinn  u|  the  same  priiieiple  is  e\rii  nutic 
wonderful.  Idifs.  5VI-  555-  :uid  ‘‘how  the  imiiu  linn 

balance  in  a  new  and  eouvenienl  lonu.  This  iuMniuu  m  is 
capable  of  heiiift'  used  in  the  same  luaniiei  as  (hr  uuliuai  v 
form,  and  besides  may  be  used  to  distinguish  In  i  w  ecu 
metals  and  alloys  by  a  uielhod  hilheitn  uulvtioun. 

On  several  oeeasious  the  results  ot  the  es.nuiuul it m  *>f 
different  metals  by  this  method  hu\ e  been  irpuiiid  In  I'm 
fossor  Hughes  and  others  u  ho  ha\e  i-v|io  iinooU*  I  m  the. 
direction, 

The  coils,  G,  11,11,  G,  an-  wound  upon  *  j  *«  «tl-.  ;*, 
inches  in  diameter,  liaviun  a  inch  hole  thomyli  tin-  <  t  uln 
for  receiving  die  supporliuj*  Inns,  1,  J.  I  best-  -.pool-.  air 
each  wound  with  350  feel  oi  No.  silh-mvri «  d  toppej 
wire,  'i'lic  wooden  bars.  I,, |,an  ,•.}  muis  hint;  l«  uimi 
the  standards  that  support  them.  Tina  pmjrct  tluonph  .* 
inch  holes  in  tlic  slatuhtrds,  and  arc  held  in  phu  «•  1 1  v  l»<i u  *»t 
mlibcr  springs,  K,  as  shown  in  h’ij;.  This  ,u  1  .iiup  uii  n' 

admits  of  inserting  ohjeels  into  die  coils  lioui  t  hr  cuds  «»! 
the  instrument.  The  primary  mils,  G,  G  ,  am  m  mi  1  nit 
with  the  microphone,  H,  and  batten,  Kami  air  1  « atm  t  Ini 
so  that,  the  current  traverses  the  ends  in  oppositr  ,hi >-«  tmn-,, 
and  the  secondary  coils,  I  i,  11,  air  muiirt  li  d  1  hv 

one  terminal,  and  with  the  telephone  hv  the  nth*  ».  i|.r  t  w « > 
coils  bciiitf  wound  in  the  same  din-*  lion.  The  (  ml,  1 1,  should 
be  placed  m  or  l  ineli  I  mm  (he  roil,  G,;i  and  thr  1  oil,  il 
should  he  similarly  arranged  in  relation  to  tin-  1  .,t|.  (1  .  and 
the  latter  should  lie  moved  one  wav  <n  the  olh«  1  nu(il  (hr 

*  This  distance  is  made  |<nit,niiiinulh  ^ r«  an-t  m  di.  m.»|.Iv  aw 

tlio  saku  of  clenriicsM. 


Fig 
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ticking  of  the  clock  on  the  microphone  is  no  longer  heard ; 
then  the  inductive  effect:  of  one  of  I  lie  outer  roils  is  exactly 
balanced  by  that  of  the  other.  To  disturb  this  balance  it  is 
only  necessary  to  insert  in  one  or  the  other  ol  (he  pairs  ut 
coils  a  coin  or  other  object,  as  seen  between  the  coils 
G,  I-I.  The  ticking  may  then  he  heard  more  or  less  dis 
tinctiy  in  the  telephone,  the  loudness  of  the  sound  depend- 
ing  on  the  particular  metal  or  alloy  inserted.  If  it  he  a 
coin,  and  another  similar  coin  he  inserted  into  the  other  end 
of  the  apparatus  in  the  same  position  relative  to  the  coils, 
IT',  G',  the  ticking  will  cease;  hut.  il  there  is  a  variation  in 
composition  or  size,  the  difference  is  ut  once  made  known 
by  the  continued  ticking  of  the  clock  in  the  telephone,  iu 
this  manner  a  counterfeit  coin  may  be  easily  ;uid  certainly 
detected. 

It  is  remarkable  that:  to  disturb  the  balance  nt  the  cur¬ 
rent  requires  only  the  slightest  variation  in  the  size  or  male 
rial  of  the  object:  inserted.  A  piece  ol  small  iron  witr  will 
bring  out  the  ticking  loudly.  Apiece  ol  magnetized  steel 
will  make  it  still  louder.  It.  is  an  interesting  study  to  deter 
mine  the  difference  between  different  substances  as  indicated 
by  this  apparatus. 

When  the  induction  balance  is  used  as  an  audiometer,  the 
two  central  or  secondary  coils  arc  placet!  close  together,  and 
a  paper  scale,  K,  is  attached  to  tin'  upper  surface  ol  the  I  tar, 
J,  to  complete  the  arrangement.  When  the  two  coils  are 
exactly  in  the  center  of  the  apparatus,  the  run  tails  induced 
by  the  coils,  G  G',  will  lie  equal  and  in  opposite  directions, 
and  will,  therefore,  neutralize  each  other,  so  that  no  sounds 
will  be  beard  at  the  telephone;  but  when  ihe  movable  coils 
are  canned  toward  cither  end  of  the  apparatus,  the  current 
induced  in  the  movable  coils  by  the  coil  at  that  end  will 
produce  sounds  in  the  telephone, 'the  strength  nt  which  arc 
in  proportion  to  their  distance  between  the  movable  and 
fixed  coils. 
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The  telephone,  alt liou^li  now  well  known,  is  no  less 
interesting  than  it  was  when  first,  presented  to  the  public:. 
Many  lornis  of  this  wonderful  instrument  have  been  in¬ 
vented  ;  only  one.  however,  has  mine  into  general  use. 

Fig.  i,  Plate  VII.,  shows  the  telephone  in  active  opera¬ 
tion.  Fig.  Jt  is  a  perspective  view  of  a  telephone  employing 
ordinary  U  magnets. 

Fig.  5  is  ;i  detail  sectional  view  of  the  same.  Fiji-.  4 
is  a  sale  elevation  partly  in  section  of  a  telephone  that:  is 
essentially  the  same  as  Hell’s.  Figs.  5  and  (>  represent, 
devices  lor  mngneli/iiig  the  liars  for  telephones.  Tin:  tele¬ 
phone  shown  in  Figs.  2  and  3,  Plate  VII.,  is  very  easily 
made.  The  two  U  magnets,  H,  which  may  he  5  inches  long, 
or  larger  or  smaller,  can  he  bought  at.  almost  any  hardware 
store  or  toy  shop,  and  the  soft  iron  core,  A,  upon  which  the 
spool,  1),  is  placed,  is  screw-threaded  externally  and  flattened 
to  lit  between  the  magnets.  The  iron  core,  A,  is  J  inch  in 
diameter,  anti  the  flattened  end  which  extends  for  about  1 
inch  between  the  magnets  is  j,  inch  thick,  and  I  ho  other  poles 
should  he  separated  the  same  distance  by  a  block  of  wood. 

The  two  magnets  arc  {irmly  clamped  together  by  the 
brass  plates,  C ',  and  the  screw,  which  extends  through  one 
of  them  into  a  tapped  hole  in  the  other.  The  magnets 
must  be  arranged  with  like  poles  in  contact  with  the  soft, 
iron  core,  A. 

The  wooden  spool,  1),  is  1  inch  in  diameter  and  (j  inch 
long,  and  has  upon  its  outer  end  a  concaved  flange,  R,  hav¬ 
ing  an  annular  hearing  surface  for  the  diaphragm,  F.  The 
flange,  is  inches  in  diameter,  and  the  annular  hearing  sur¬ 
face  is  |  inch  wide,  leaving  the  middle  portion  of  the  dia¬ 
phragm,  which  is  1 1  inches  in  diameter,  free  to  vibrate. 
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I  The  spool  is  filled  with  No.  36  or  No.  38  silk-covercd  cop¬ 

per  wire,  and  the  ends  ot  the  wire  are  fastened  to  small 
j  ;  binding  screws,  a,  that  project  from  the  back  of  the  con- 

j  :  cave  flange,  E. 

j  The  diaphragm,  which  is  simply  a  disk  of  very  thin 

j  j  tinned  iron  or  ferrotype  plate,  is  of  the  same  diameter  as 

!•  the  flange,  E,  on  which  it  is  placed. 

i'  The  mouthpiece,  G,  is  secured  to  the  flange,  E,  by  three 

!' I  small  screws;  the  diaphragm  being  clipped  at.  three  cqui- 

]■  ,  distant  places  to  admit  of  this  mode  of  fastening.  The  dia- 

{  ;  meter  of  the  opening  in  the  mouthpiece  is  j-  inch,  and  the 

mouthpiece,  like  the  flange,  must  be  concave. 

The  distance  between  the  diaphragm,  F,  and  the  end  of 
tne  soft  iron  core,  A,  is  adjusted  by  screwing  the  spool,  D, 
up  or  down  on  the  core.  The  best  adjustment  .is  to  place 
th e  diaphragm  as  near  the  end  of  the  core  as  possible  with¬ 
out  causing  a  jar  when  the  instrument  is  spoken  to. 

The  telephone,  when  connected  with  another  of  the  same 
kind  by  means  of  two  conducting  wires  secured  in  the  bind¬ 
ing  posts,  works  well.  A  single  wire  may  be  used  to  con¬ 
nect  one  binding  post  of  each  telephone,  the  other  binding 
post  being  connected  with  the  gas  or  water  pipe,  or  with  a 
ground  wire  properly  connected  with  large  metallic  plates 
buried  in  earth  that  is  constantly  moist. 

The  telephone  thus  described  is  more  easily  made  than 
that,  shown  in  Fig.  4,  Plate  VII.,  as  the  trouble  of  magnetiz¬ 
ing  the  steel  is  avoided. 

By  substituting  for  the  iron  core,  A,  a  bar  magnet  |  inch 
diameter  and  6  inches  long,  a  very  compact,  easily  adjusted 
telephone  is  produced. 

The  telephone  shown  partly  in  section  in  Fig.  4  consists 
of  five  principal  parts — the  handle,  FI,  the  mouthpiece,  1,  the 
diaphragm,  J,  the  magnet,  K,  and  the  bobbin,  L, 

The  handle  is  bored  longitudinally  through  the  center  to 
receive  the  round  bar  magnet,  IC,  and  there  arc  two  small 
holes  at  opposite  sides  of  the  magnet,  through  which  pass 
the  stout  wires,  M,  which  are  soldered  to  the  terminals  of  the 
bobbin,  L,  and  connected  with  the  binding  screws,  N,  at 
the  end  of  the  handle.  The  handle,  IT,  is  chambered  to- 
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receive  the  bobbin,  L,  and  has  a  mouthpiece,  I,  and  dia¬ 
phragm,  J,  which  are  of  the  same  size  as  previously 
described. 

In  the  present  case  the  mouthpiece  or  cap  is  screwed  on 
the  handle,  but  it  may  with  equal  advantage  be  fastened  by 
means  of  small  screws,  as  shown  in  Figs.  2  and  3. 

The  bobbin  is  filled  with  No.  36  or  No.  38  silk-covered 
copper  wire,  and  the  magnets  are  placed  as  near  the  dia¬ 
phragm  as  possible  without  touching  it,  and  when  properly 
adjusted  it  is  clamped  by  a  screw,  O,  at  the  smaller  end  of 
the  handle.  The  bar  magnet,  K,  is  f  inch  diameter  and  6 
inches  long. 

The  connection  between  two  or  more  telephones  and 
the  ground  connection  is  made  in  the  manner  before  de¬ 
scribed. 

There  are  two  methods  of  magnetizing  the  bars.  The 
first  thing  to  be  done  is  to  harden  and  temper  the  bar.  This 
is  done  by  heating  it  to  a  dark  cherry  red  and  plunging  it 
in  cool  water,  and  afterward  drawing  the  temper  to  a  straw 
color.  The  first  method  of  magnetization  consists  in  plac¬ 
ing  upon  each  end  of  the  tempered  steel  bar,  Q  (Fig.  5),  a 
soft  iron  cap,  R,  and  inclosing  the  bar  thus  armed  in  a  helix, 
P,  made  of  eight  or  ten  layers  of  No.  16  insulated  copper 
wire,  and  connecting  the  helix  with  a  bichromate  battery. 

The  helix  should  extend  to  the  ends  of  the  soft  iron  caps, 
and  it  must  be  disconnected  from  the  battery  before  with¬ 
drawing  the  magnet. 

Another  method  consists  in  passing  over  the  bar  a  helix, 
S,  composed  of  ten  layers  of  No.  16  insulated  copper  wire. 
This  helix  has  an  internal  diameter  of  ^  inch  and  a  length 
of  about  j  finches. 

The  helix,  being  connected  with  a  strong  battery,  is 
drawn  over  the  bar  from  one  end  to  the  other,  and  returned 
to  the  middle  of  the  bar,  when  the  battery  should  be  discon¬ 
nected. 

These  are  easy  methods  of  magnetization,  and  may  be 
practiced  by  any  one  having  the  appliances,  but  unless  a 
veiy  powerful  battery  is  used,  the  magnets  will  not  possess 
the  strength  exhibited  by  magnets  charged  by  a  dynamo. 
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Tlu'  telephone  lint*  wire  should  be  insulated  in  the  same 
manner  as  telegraph  wires.  For  short  lines  a  return  wire 
is  used.  I ’or  long  lines  a  ground  eonueclion  is  preferable. 

No.  i.:  galvanized  iron  wire  is  eouunouly  used  for  tele¬ 
phone  lines. 

An  explanation  of  the  action  of  the  telephone  is  found  in 
Chap.  XV  1 1 1.,  p.  .|”7.  The  diaphragm  is  the  armature  ot  the 
magnet.  The  approach  of  the  armature  toward  the  magnet 
and  its  recession  therefrom,  under  the  influence  of  sound 
waves,  alternately  weakens  and  strengthens  the  magnet, and 
thus  causes  the  generation  in  the  coil  surrounding  the  mag¬ 
net  of  induced  currents  alternating  in  direction,  and  vary¬ 
ing  in  strength  according  to  the  amplitude  of  the  vibration 
of  the  diaphragm.  These  alternating  currents  pass  over 
the  line  connecting  the  telephones,  and  through  the  coil  of 
the  distant  telephone.  Here  the  currents  alternately  aug¬ 
ment  and  diminish  the  power  of  the  magnet  and  cause  an 
increase  in  its  attraction  for  the  diaphragm,  or  a  partial 
release,  according  to  the  direction  of  the  electrical  impulse. 

The  diaphragm  of  the  receiving  instrument  is  thus  made 
to  copy  the  motions  of  the  transmitting  diaphragm  with 
sullieieuL  completeness  to  reproduce  through  the  agency  of 
air  vibrations  sounds  similar  lo  those  uttered  in  the  trans¬ 
mitting  telephone. 

Owing  to  the  small  volume  of  sound  realized  in  tele¬ 
phones  arranged  in  this  way,  a  microphonia  transmitter  is 
commonly  used  in  connection  with  telephone  lines. 

Till’.  TKANSMtTTKK. 

The  Blake  telephonic  transmitter,  shown  in  Fig.  557,  is 
now  almost  exclusively  used  in  connection  with  the  Bell  tele¬ 
phone. 

This  transmitter  is  very  efficient,  notwithstanding  the 
fact  that  then’  is  nothing  very  delicate  or  line  about  its  con¬ 
st  ruction. 

It  is  generally  attached  in  a  vertical  position  to  a  board, 
which  also  supports  the  switches  and  other  accessories.  To 
the  hinged  cover  of  the  box  is  secured  the  annular  cast  iron 
frame,  A,  in  which  is  placed  a  3  inch  circular  diaphragm,  B, 
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made  of  common  Russia  iron  o!  medium  thickness,  bound 
around  the  edges  by  a  soil  rubber  band,  stretched  over  it 
so  that  it  covers  about  a  quarter  o!  an  inch  ol  its  edge. 

The  diaphragm  is  held  in  place  by  a  small  dip  just 
touching  the  rubber  binding  niton  one  edge,  and  lty  a  sleel 
spring  upon  the  other  edge,  which  is  rubber  lipped  and 
touches  the  diaphragm  about  :}.  inch  from  (lie  coaler  with  a 
pressure  of  several  ounces.  Short  arms  are  east  on  the 
ring,  A,  one  at  the  bottom,  I  he  ol  her  a(  (lie  lop,  anil  lo  the 
upper  arm  is  attached  a  spring,  which  is  riveted  lit  the  cast¬ 
ing,  C.  This  casting  supports  two  delicate  springs,  I)  K 
(watch  .springs).  The.  spring,  I),  has  an  insulated  support, 
and  is  connected  by  a  wire  with  the  upper  hinge  of  the  box 
cover,  the  lunge  being  connected  with  the  binding  post,  <1  at 
the  top  of  the  box. 

The  free  end  of  the  spring,  !>,  rests  against  the  dia¬ 
phragm,  and  is  provided  with  a  convex  platinum  lull  ton, 
which  is  pressed  by  a  highly  polished  carbon  button  inserted 
in  a  piece  of  brass  weighing  two  or  three  pennyweights  and 
fastened  to  the  free  end  of  the  spring,  K. 

The  spring,  Ji,  is  in  metallic  contact  with  the  casting,  C‘, 
and  the  latter  is  in  electrical  communication  with  1 1  it*  frame, 
A,  which  is  connected  by  a  wire  with  the  lower  hinge  of 
the  box,  and  the  hinge  is  connected  with  the  binding  post, 
c,  by  a  wire  that  includes  the  primary  wire  ol  the  small 
induction  coil  seen  in  the  corner  ol  the  box.  The  second¬ 
ary  wires  of  the  induction  coil  are  connected  with  the  bind¬ 
ing  posts,  a  l>. 

The  inclined  surface  of  the  lower  end  of  the  cast  ing  is  en¬ 
gaged  by  an  adjusting  screw  which  passes  through  the  lower 
arm  of  the  frame,  A.  Hy  turning  this  screw  one  way  or  the 
other,  the  springs,  1)  Rare  made  to  press  with  more  or  less 
force  upon  the  diaphragm,  and  the  contact  between  the 
platinum  button  and  the  carbon  is  varied. 

The  binding  posts,  r  d,  are  connected  with  a  battery. 
The  binding  posts,  a  />,  are  connected  with  a  telephone  line, 
including  the  receiving  telephones,  usually  of  the  Hell  form. 

The  primary  current  passes  through  the  springs,  I)  IC, 
and  the  primary  wire  of  the  induction  coil.  The  vibrations 
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of  the  diaphragm  vary  the  contact  between  the  platinum 
button  and  the  carbon,  and  produce  a  variation  in  the  cur¬ 
rent  which  induces  a  corresponding  current  in  the  second¬ 
ary  wire  of  the  induction  coil  and  in  the  line  including  the 
telephones.  A  single  cell  of  Leclanche  battery  is  sufficient 
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to  work  this  transmitter.  It  will  be  noticed  that  while 
the  spring,  D,  is  in  contact  with  the  diaphragm,  the  latter 
is  insulated  from  everything  else  by  the  rubber  binding 
and  the  rubber  tip  of  the  spring. 

The  box  hinges  arc  provided  with  springs  soldered  to 
one  half,  and  pressing  upon  the  other  half  to  insure  a  good 
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electrical  contact.  A  magneto  bell  is  generally  employed 
in  connection  with  this  transmitter  for  calling. 

For  long  distance  telephony  the  Edison  carbon  button 
transmitter  is  superior  to  the  Blake. 

TELEPHONE  CIRCUITS. 

The  annexed  diagram  shows  all  of  the  electrical  con- 
nections  for  one  end  of  a  telephone  line,  both  ends  being 


Fig.  558. 


alike.  The  connections  are  shown  in  condition  to  call  or 
receive  a  call.  When  a  call  is  received,  the  current  passes 
from  the  line  through  the  switch,  E,  button,  1,  key,  top  con¬ 
tact  of  the  key,  bell  magnet,  and  ground  wire,  A,  to  the 
ground. 

When  the  key  is  depressed  to  call  a  distant  station,  the 
key  touches  the  lower  contact,  on  the  battery  wire,  B,  send¬ 
ing  the  current  through  the  button,  1,  switch,  E,  and  line  to 
the  bell  and  ground  of  the  distant  station.  The  current 
returns  by  the  ground  and  wires,  A  C,  to  the  battery. 

After  calling,  the  switch,  E,  is  moved  to  button,  2,  and 
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the  switch,  F,  being  connected  with  the  switch,  E,  by  an 
insulating  connection  is  at  the  same  time  moved  to  button 
4,  as  shown  in  clotted  lines.  Now  the  line  connection  is 
through  the  switch,  E,  button,  2,  wire,  G,  receiver,  the  sec¬ 
ondary  wire  of  the  induction  coil  to  the  ground. 

The  switch,  E,  when  turned  as  described,  completes  the; 
local  circuit,  the  current  passing  from  one  cell  of  the  battery 
through  the  wire,  D,  switch,  F,  button,  4,  transmitter,  pri¬ 
mary  of  the  induction  coil  ground  wire.  A,  and  wire,  C. 

The  connections  are  now  arranged  for  talking.  Should 
the  transmitter  be  of  the  class  capable  of  withstanding  a 
heavy  current,  the  wire,  D,  will  be  connected  so  as  to 
include  all  of  the  elements  of  the  battery,  and  the  wire,  B, 
instead  of  being  connected  with  the  battery  will  be  con¬ 
nected  with  the  buLton,  3. 

The  diagram  shows  the  connections  adapted  to  the  class 
of  transmitters  employing  but  a  single  battery  element,  and 
to  a  line  requiring  several  cells  of  battery  to  call.  If  a  sin¬ 
gle  cell  of  battery  is  sufficient  to  call,  the  wire,  B,  will  bo 
connected  with  button,  3. 

When  a  magneto  call  is  used,  it  is  inserted  in  place  of  the 
bell. 

MICROPHONES. 

The  microphone  shown  in  Fig.  559  has  a  wooden  dia¬ 
phragm  one-eighth  inch  thick  and  four  inches  square,  which 
is  glued  to  a  narrow  frame  supported  by  suitable  leg's. 
Two  pieces  of  battery  carbon,  A  B,  are  secured  by  means 
of  sealing  wax  to  the  diaphragm  about  an  inch  apart  and  at. 
equal  distances  from  the  center.  They  arc  both  inclined 
downward  at  about  the  angle  indicated  in  the  engraving, 
say  30“.  The  carbon,  A,  is  longer  than  the  carbon,  .B,  and 
basin  its  under  surface  three  conical  holes — made  with  a 
penknife  point — which  are  large  enough  to  receive  the 
upper  ends  of  the  graphite  pencils,  C.  The  lower  ends  ol. 
the  pencils  rest  in  slight  cavities  in  the  lower  carbon.  The 
pencils,  C,  are  small  rods  of  electric  ligdit  carbon  sharpened 
at  each  end  and  placed  loosely  between  the  carbons;  they 
arc  inclined  at  different  angles,  so  that  the  motion  of  the 
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diaphragm,  which  would  jar  one  of  t hem,  would  simply 
move  the  others  so  as  lo  transmit  (he  sound  properly-  llal- 
tcry  wires,  which  arc  connected  with  a  telephone,  are 
.attached,  one  to  the  carbon,  A,  the  other  to  the  carbon,  B. 

The  diaphragm  and  its  support  in  Fip\  560  is  (he  same  as 
-that  already  described.  The  microphone  shown  in  this  li^urc 

I'm.  ?5<j, 


Microphone  will)  tmipliite  limb. 


has  a  piece  of  battery  carbon,  1),  secured  in  an  inclined  posi¬ 
tion  to  the  diaphragm  near  the  middle,  by  means  u!  sealing 
wax.  Three  carbon  pendants,  K,  of  different  size*,,  me  sus¬ 
pended  by  very  line  wires,  so  dial  diet-  rest  upon  tin-  upper 
surface  of  the.  carbon,  1).  I'he  three  line  wires  ale  .dl  nut 
nected  with  one  of  the  battery  wires,  and  are  fastened  at 
suitable,  distances  apart  lo  the  tuee  of  die  diaplnatpu  bv  a 
drop  ol  sealing  wax.  A  line  copper  wire  is  wound  around 
the  carbon,  I),  and  connected  with  the  battery. 
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These  instruments  arc  used  as  transmitters ;  a  Bell  tele¬ 
phone  is  used  as  a  receiver.  By  using  a  number  of  rods, 
pencils,  or  pendants  instead  of  a  single  pencil,  as  in  the 
Hughes  microphone,  much  of  the  jarring  is  avoided,  while 
it  is  cajiablc  of  transmitting  the  sound  of  the  ticking  of  a 
watch,  the  tramp  of  a  lly  or  an  ant,  the  crumpling  of  paper, 


Fig.  560. 


Microphone)  with  Poudnnis, 


whistling,  instrumental  and  vocal  music,  and,  under  favora¬ 
ble  conditions,  articulate  speech,  whispering,  etc. 

ELECTRICAL  MAOIC. 

Electricity  in  its  ordinary  every-day  uses  surpasses  all 
the  feats  of  the  ancient  magi  or  modern  prestidigitators. 
Sending  light,  heat,  power,  signals,  and  speech  to  a  dis¬ 
tance  over  wire,  the  phenomena,  of  induction,  the  transfer 
of  metals  as  in  electro-metallurgy,  and  the  numerous  other 
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uses  to  which  electricity  is  applied  in  the  arts,  are  all  truly 
mysterious. 

The  application  of  electricity  to  magical  operations  is 
quite  common,  but  it.  is  capable  of  more  extended  and  more 
effective  uses. 

The  few  examples  shown  in  the  engravings  arc  such  as 
afford  entertainment  and  give  practice  in  the  applications 
of  electricity. 

The  mysterious  drum,  shown  in  Fig.  5C1,  lias  been 
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constructed  in  various  forms.  It  is  designed  to  beat 
by  means  invisible  and  uiidiscoverahle  without  removing 
the  drum  heads.  The  drum  is  suspended  from  what  appeals 
to  be  an  ordinary  hook,  and  the  operative  parts  are  eon- 
cealed  so  as  to  bo  invisible  either  through  the  translucent 
heads  or  through  the  emboueluirc.  The  drum  is  suspended 
from  the  ring,  C,  by  chains,  A  U,  or  by  straps  concealing 
metallic  wires.  The  screw  rings  extending  through  the 
body  of  the  drum  communicate  electrically  with  the  magnet, 
D,  which  is  placed  so  near  the  embouchure  as  to  be  incapa¬ 
ble  of  being  scon  through  it.  The  armature  of  the  magnet 
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is  supported  very  near  its  poles  by  an  angle  plate  rigidly 
secured  to  the  hod)-  of  the  drum,  as  shown  at  2,  Fig.  561. 
The  chains,  A  B,  touch  metallic  contact  pieces,  a  a ,  embedded 
in  the  inner  surface  of  the  ring,  C,  which  may  he  either 
wood  or  rubber.  These  contact  pieces  at  (heir  upper  ends 
touch  on  opposite  sides  of  the  hook,  K,  This  hook  is 
divided  vertical^'  into  two  parts  throughout  its  length,  the 
two  portions  being  separated  by  a  thin  piece  of  mica,  as 
shown  at  3,  and  hound  together  by  a  hard  rubber  knob  at 
the  outer  end,  and  hard  rubber  ring  or  base-piece  near  the 
end  inserted  in  the  wall.  The  two  halves  of  the  hook  are 
connected  with  battery  wires  leading  to  some  distant  point, 
and  an  interrupter  worked  by  hand  or  clockwork  is  put  in 
the  electrical  circuit.  A  wheel,  notched  according  to  the 
kind  of  call  required,  attached  to  the  revolving  spindle  of 
a  spring  motor  and  touched  I ly1-  a  contact  spring,  makes  a 
good  interrupter  for  this  purpose. 

This  device  is  puzzling  to  the  uninitiated,  as  if.  is  impos¬ 
sible  to  see  how  the  results  arc  obtained  without  dismem¬ 
bering  the.  apparatus.  By  means  of  a  spur  in  each  heel, 
and  wires  extending  under  the  garments  to  the  hands,  it  is 
possible  to  transfer  the  drum  from  its  hook  to  the  linger 
and  secure  the  same  results,  provided  two  long  conducting 
plates  or  strips,  to  be  touched  by  the  spurs,  are  placed  be¬ 
neath  the  carpet,  and  connected  with  the  battery  and  inter¬ 
rupter.  The  removal  of  the  drum  from  the  hook  to  the 
finger  adds  another  clement  of  mystery  to  the  device. 

Much  that,  cannot  be  otherwise  satisfactorily  explained 
is  charged  to  the  supernatural.  The  phenomenal  sounds 
said  to  be  evoked  from  tables  by  the  weird  inhabitants  of  the 
spirit  world  may  be  very  successfully  imitated  by  means  ol 
simple  electrical  contrivance  shown  in  Fig,  562,  and  not 
only  may  the  raps  be  produced,  but  sepulchral  voices  may 
be  hoard  from  (lie  face  of  the  table. 

The  tabletop  consists  of  two  parts,  the  thicker  portion 
being  hollowed  out,  so  as  to  form  a  circular  cavity  in  the 
middle,  surrounded  by  an  annular  cavity.  The  whole  is 
covered  with  a  top  about  one-eighth  of  an  inch  thick.  Thu 
table  standard  is  hollow,  and  chambered  out  suflieiently  at 
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the  lower  end  to  receive  ;i  compactly  made  Lerlanrhr  bah 
tery,  which  rests  in  the  cap,  G,  lit  led  In  I  lie  lower  em|  (l[ 
the  standard.  From  the  buttery  two  wires  extend  to. springs 
in  the  cap,  G,  mid  these  springs  touch  two  semicircular 
pieces,  II,  of  metal  attached  to  the  inner  .surface  ol  the 
chamber  containing-  the  baLlery  (see  lug.  50c),  so  that  when 
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the  battery  is  in  place,  one  of  its  conductors  will  touch  one 
of  the  pieces  of  metal,  and  the  oilier  spring  will  touch  the 
other  piece.  The  two  semicircular  pieces  of  metal  art:  con¬ 
nected  with  two  wires  extending  upward  through  the  table 
standard,  one  wire  being  connected  with  a  serrated  metallic 
hoop,  F,  placed  in  the  annular  space  in  the  table  top;  the 
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other  wire  is  connected  with  one  terminal  of  an  electro¬ 
magnet  whose  other  terminal  is  connected  with  a  Hat  metallic 
ring  attached  to  the  thin  portion  of  the  table  top  and  located 
immediately  above  and  very  near  the  serrated  hoop,  F,  but 
not  touching  it.  Now,  by  placing  the  hand  Hat  upon  that 
part  of  the  thin  cover  of  the  annular  space  in  the  thicker 
portion  of  the  table  top,  and  pressing-  so  as  to  spring-  the 
cover  ever  so  little,  the  electrical  circuit  is  closed  and  the 
electro-magnet  draws  down  the  armature  which  is  attached 
to  the  thin  tabic  top  near  the  poles  of  the  magnet,  but  not 
touching  them.  This  makes  a  loud  rap,  and  when  the  elec¬ 
trical  circuit  is  broken  by  removing  the  pressure,  a  similar 
rap  is  produced.  The  movement  of  the  hand  in  this  opera¬ 
tion  is  imperceptible. 

From  cacli  of  the  wires  extending  upward  in  the  stand¬ 
ard,  a  wire  extends  down  one  of  the  table  legs,  and  termi¬ 
nates  in  a  single  point,  having  sufficient  length  to  pass 
through  a  carpet  and  touch  two  plates  of  metal  communi¬ 
cating  with  a  transmitting  telephone  or  with  a  telegraph 
key  and  battery.  With  the  former  the  tabic  answers  as  a 
receiving  telephone,  and  the  magnet  will  he  more  efficient 
for  this  purpose  if  it  be  polarized.  When  the  key  is  used, 
the  raps  may  be  produced  by  some  one  operating  the  key 
at  a  point  remote  from  the  table.  In  either  case  a  confed¬ 
erate  is  required. 

By  placing  conductors  under  the  carpet  at  different, 
points,  the  table  may  be  moved  about  to  enhance  the 
delusion. 

Fig.  563  shows  insects  that  appear  to  be  animated  when 
disturbed,  and  as  they  are  similar  in  construction,  the  descrip¬ 
tion  of  011c  will  answer  for  both.  The  pot  containing  the 
plants  upon  which  the  insects  are  mounted  is  broken  away  in 
the  engraving,  to  show  the  interior,  and  the  dragon-fly  is 
shown  in  section  at  7,  in  Fig.  563.  This  is  nothing  more  nor 
less  than  a  vibrator-interrupter,  made  in  the  form  of  a. 
dragon-fly,  with  mica  wings  attached  to  the  vibratory  spring 
and  striped  with  asphaltum  varnish,  in  imitation  of  nature. 

The  body  of  the  fly  consists  of  an  iron  wire  wrapped  for 
a  part  of  its  length  with  No.  30  silk-covered  wire,  forming 
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a  small  electro-magnet,  whose  armature,  b,  is  attached  (o  a 
spring  forming  a  part  of  the  back,  and  fastened  a(.  r  (n  (lie 
wire  forming  the  core  of  the  magnet,  by  means  of  binding 
wire  and  jeweler's  cement  or  sealing  wax.  One  terminal  of 
the  magnet  wire  communicates  through  one  of  (he  legs  of 
the  fly  with  a  wire  miming  through  the  stalk  of  |he  plant 
to  the  carbon  pole  of  a  sum  11  Leclanche  battery  concealed 
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Electrical  Dias'iiii-Fly. 


in  the  flower  pot.  The  other  terminal  of  the  magnet:  wire 
is  connected  with  the  vibrator  spring  atr.  The  free  end  of  t  lie 
vibrator  spring  extends  from  the  armature,  b,  downward,  and 
is  provided  with  a  platinum  contact,  screw,  <t,  which  touches 
the  contact  spring,  r,  the  latter  being  in  electrical  comnumiea- 
tion  with  a  button  on  the  under  side  of  the  flower  pot  cover, 
which  is  touched  by  a  spring  attached  to  the  side  of  the 
pot.  This  spring  is  connected  with  a  wire  that  extends 
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downward  and  lcrniinal.cs  in  several  points  disposed  about 
a  eirele  concentric  with  the  bottom  ol  (.lie  pol.  Tlie  zinc 
pole  ol  the  battery  is  provided  with  a  wire  having  several 
terniinal  points  alternating  with  the  points  previously  men¬ 
tioned.  The  bottom  of  the  pot  is  slightly  concave,  and 
contains  a  small  quantity  ol'  mercury,  which,  in  conse¬ 
quence  of  its  “Teat  mobility,  completes  the  electrical  circuit 
between  some  of  the  wire  terminals  in  the  bottom  of  the 
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pot  when  the  latter  is  taken  in  the  hand  and  moved  ever  so 
little. 

'Plie  battery  is  of  small  size,  the  jar  consisting  of  a  com¬ 
mon  tumbler.  When  the  device  is  taken  in  the  hand,  the 
wiiitfs,  which  are  attached  to  the  vibrator,  spring  mime- 
diafely,  tremble,  and  buzz  in  true  insect  fashion.  If  the 
plants  and  insects  are  finely  made,  they  are  sure  to  he  taken 
in  the  hand  for  examination,  when  the  latter  will  exhibit 
si^ns  of  life. 
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The  butterfly  shown  in  perspective  at  7,  Fig.  564,  ancP 
in  transverse  and  longitudinal  section  at  8  and  9  respec¬ 
tively,  is  intended  to  be  placed  upon  lace  curtains  or  on 
a  picture  frame.  The  body,  as  in  the  case  of  the  dragon-fly, 
consists  of  an  electro-magnet  having  its  polar  extremity,  h, 
returned  upon  the  magnet  wire.  The  back  of  the  butter¬ 
fly  consists  of  an  iron  shell  swaged  into  the  proper  form  and 
attached  to  the  smaller  end  of  the  magnet  by  means  of  a 
screw,  g.  To  this  shell  are  pivoted  on  delicate  pivots,  /, 
two  small  armatures,  i,  which  extend  downward  over  the 
returned  pole  extension  of  the  magnet.  These  armatures 
carry  the  natural  wings  of  a  butterfly,  and 
as  the  pulsating  electrical  current  runs 
through  the  magnet  the  wings  are  vibrated 
in  accordance  with  the  intervals  of  open 
and  closed  circuit. 

The  electrical  impulses  may  be  con¬ 
trolled  by  hand  or  by  clockwork,  or  by 
means  of  an  electric  pendulum  interrup¬ 
ter,  shown  in  Fig.  565.  The  current  which 
passes  from  the  battery,  //.,  through  the 
butterfly,  passes  also  through  the  mag¬ 
net,  k,  of  the  interrupter,  through  the 
pendulum  rod,  /,  and  through  the  mer¬ 
cury  contact  cup,  m.  When  the  pendu¬ 
lum  is  drawn  toward  the  magnet,  the 
circuit  is  broken ;  when  the  pendulum 
is  released  the  circuit  is  instantly  closed,  and  the  pendulum 
is  drawn  forward  again.  The  electrical  pulsations  produced 
in  this  way  move  the  wings  of  the  butt'rfly  more  or  less, 
rapidly,  according  to  the  length  of  the  pendulum. 

Three  or  four  of  these  butterflies  may  be  controlled  by  a 
single  pendulum.  These  objects  placed  on  a  lace  curtain 
are  amusing  and  make  very  pr  'tty  ornaments. 

The  fine  wire  forming  the  conductor  may  be  white  cot¬ 
ton-covered,  which  may  be  easily  concealed  in  a  lace  cur¬ 
tain. 


Fig.  565. 


Current  Breaker. 
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r.ANTKRN  l'UOJRiTIOM. 

As  a  means  of  illusl  rat  ion,  nothing  nm  excel  projection 
by  means  of  a  good  optical  lauleru,  Not.  only  can  pictures 
and  diagrams  be  shown  clearly  In  a  large  assemblage,  lint 
apparatus  of  various  kinds  may  be  projected  on  a  mammoth 
scale,  many  chemical  actions  maybe  exhibited,  the  pheno¬ 
mena.  ol  light,  heat,  electricity,  and  magnetism  may  be 
shown  in  various  ways.  In  fact,  there  is  scarcely  a  branch 
of  physic’s  that,  may  not  he  illustrated  in  this  way.  The  lan¬ 
tern  is  becoming  deservedly  popular  in  colleges  and  schools 
and  for  private  use.  Besides  being  of  great  use  for  general 
instruction,  it.  alfords  a  means  of  rational  amusement,  and 
entertainment. 

A  poor  lantern,  like  any  other  inferior  piece  of  appara¬ 
tus,  is  undesirable.  For  scientific  work  the  lantern  should 
have  a  triple  condenser,  a  rectilinear  objective,  a  swinging 
front  for  the  vertical  attachment,  a  calcium  or  electric 
li^li I ,  polariscopic  and  microscopic  attachments,  an  erecting 
prism,  and  an  alum  or  water  lank.  Such  an  instrument  may 
now  be  purchased  for  a  reasonable  price,  so  that:  there  is  no 
economy  in  making  one’s  own  instrument.  It  will,  how¬ 
ever,  be  found  advantageous  to  make,  the  attachments. 

Till’,  SittKN  I  I KIC.  UHK  OR  TI1K  TOYMAOIC  I.ANTKRN. 

A  toy  magic  lantern  is  generally  considered  as  worthless 
as  any  piece  of  apparatus  one.  can  own.  Usually,  in  these 
instruments,  the  source  of  light  is  unsatisfactory,  the  li^ht 
is  wasted,  and  the  little  1  ijU’li t.  finally  rendered  available  is 
passed  through  imperfect,  lenses,  yielding  results  which  are 
anything  but.  pleasing’,  (icuerally,  toy  lanterns  have,  been 
made  without  condensers,  and  almost:  without,  exception 
(hey  arc  found  to  he  of  an  odd  size,  which  will  not.  receive 
an  ordinary  lantern  slide,  so  that,  the  user  must,  remain  con- 
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tent  with  the  daubs  usually  accompanying  such  instruments. 
Recently,  however,  some  improvement  seems  to  have  been 
made  in  this  direction.  In  looking  about  for  a  simple  lan¬ 
tern,  suitable  for  certain  experimental  work,  a  type  of  lan¬ 
tern  was  found  which  in  cheapness,  compactness,  generally 
good  design,  finish  and  efficiency,  is  superior  to  many  that 
were  examined.  Still  it  has  a  serious  defect,  that  is,  con¬ 
siderable  spherical  aberration  ;  but  this  can  be  easily  reme¬ 
died  by  replacing  the  front  lens  of  the  objective — which  is 
a  double  convex  of  four  inch  focus — with  a  meniscus  (peri- 
scopic)  spectacle  lens  of  the  same  focus. 

This  lantern  is  shown  in  side  elevation  in  Fig.  566  and  in 

Fig.  566,  Fig.  567. 


Simple  Magic  Lantern — Elevation  and  Section. 


section  in  Fig.  567,  respectively.  It  is  made  of  several  sizes, 
but  the  size  which  costs  $3.75  or  $4  is  as  small  as  can  be  used 
to  advantage  in  the  experiments  illustrated  in  the  annexed 
engravings. 

The  lantern  is  12^  inches  high,  including  chimney;  the 
cylindrical  body  is  5  inches  in  diameter  and  6J  inches  long. 
The  back  of  the  body  is  closed  by  a  spun  concave  reflector. 
The  condenser  is  a  double  convex  lens  2f  inches  in  diame¬ 
ter  and  4  inches  focus.  The  rear  lens  of  the  objective  is  a  dou¬ 
ble  convex,  2$  inches  diameter  and  5-J-  inches  focus,  and  the 
front  lens  is,  as  already  stated,  4  inches  focus  and  its  diameter 
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is  lit  inches.  The  optical  combination  is  not  the  best  that 
can  be  devised,  but  it  answers  a  very  good  purpose. 

The  lamp  has  a  kerosene  burner  o£;  approved  type,  and  is 
provided  with  a  tall  chimney,  which  insures  perfect  combus¬ 
tion  and  a  white  light.  The  reservoir  of  the  lamp,  as  well  as 
the  objective  tube  and  lantern  chimney,  are  nickel  plated. 
The  space  in  which  slides  are  introduced  is  of  an  inch  too 
narrow  for  average  slides,  but,  if  desirable,  a  clever  tinsmith 
can  correct  this  in  a  very  short  time. 


Fig.  568. 


Veriica.1  Attachment. 


It  is  not  intended  to  treat  of  the  projection  of  pictures 
with  this  instrument ;  but  it  may  be  said,  in  passing,  that 
the  lantern,  when  altered  as  suggested,  projects  a  very 
good  picture,  five  or  six  feet  in  diameter.  A  little  camphor 
added  to  the  kerosene  increases  the  light  perceptibly,  and  a 
clean  chimney  and  clean  lenses  go  a  long  way  in  the  utili¬ 
zation  of  the  light. 

The  number  of  interesting  experiments  which  may  be 
successfully  performed  with  this  little  lantern  is  surprising. 
■Certainly  a  long  evening  of  rational  and  instructive  amuse- 
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mcntmay  be  gotten  out:  of  Jhc  lanfern  with  little  expense 
beyond  the  cost,  of  the  instrument:  itself,  and  with  very  little 
trouble. 

Hie  production  of  cohesion  figures  on  the  screen  is  a  sim¬ 
ple  and  interesting-  experiment.  Between  two  glass  plates 
of  a  width  suitable  for  the  lantern  is  placed  a  small  amount 
of  vaseline,  cither  plain  or  colored  with  alkanine  or  aniline. 
The  plates  are  pressed  together  until  all  of  the  air  is  ex¬ 
pelled,  and  a  thin  film  of  vaseline  remains.  The  glasses  are 
then  damped  together  by  means  of  two  stout  rubber  bands. 

The  slide  thus  prepared  is  placed  in  the  lantern,  and  the 
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point  of  a  knife  blade  is  introduced  between  the  upper  cor¬ 
ners  of  (he  glass  plates.  Upon  the  smallest,  separation  of  the 
plates,  arborescent:  figures  will  appear  on  the  screen,  which 
will  grow  as  the  plates  are  further  separated,  appearing,  as 
shown  in  Plate  VI 1 1.,  like  a  growth  of  cactus  or  fern.  On  re¬ 
moving  the1  knife  blade,  the  plates  will  be  drawn  together 
by  the  rubber  hands,  and  the  figures  will  disappear.  The 
experiment  may  he  repealed  again  and  again  with  the  same 
charge  of  vaseiine,  but  it  will  in  time  become  so  thin  as  to 
require  renewal. 

Tn  Fig.  t;f)K  is  shown  an  attachment,  for  converting  the 
instrument  into  a  vertical  lantern.  The  objective  is  remov- 
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ed  from  the  lantern,  and  a  cigar  box  of  suitable  height  is 
arranged  with  its  open  side  next  the  front  ot  the  lantern,  hi 
the  box  opposite  the  condenser  of  the  lantern  is  arranged  a 
piece  of  ordinary  looking  glass  at  an  angle  oi  45  .  In  its 
top  is  made  a  hole  for  receiving  tin-  objective.  Inside, 
•an  inch  and  a  half  from  its  upper  end,  is  arranged  a 
horizontal  transparent  glass  plate,  and  above  this  plate  the 
box  is  cut  away  diagonally  across  the  corners,  leaving 
only  material  enough  in  the  end  to  hold  the  objective. 
A  second  mirror,  arranged  parallel  with  the  fust,  is  sup¬ 
ported  over  the  end  ol  the  objective  and  serves  to 
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throw  the  image  on  the  wall.  If  the  experimenter  will  be 
satisfied  with  images  on  the  ceiling,  the  second  mirror  may 
be  dispensed  with. 

Tho  tank  shown  at  5,  Fig.  568,  is  designed  to  hold  various 
liquids  used  in  experiments  in  the, vertical  lantern.  It  con¬ 
sists  of  a  plate  of  glass  to  which  is  secured  a  ring  of  tin,  by 
means  of  a  cement  composed  of  pitch,  gutta  pereha,  and 
shellac,  equal  parts,  melted  together.  In  this  tank  may  bo 
placed  clean  water.  A  cambric  needle,  carefully  laid  on  its 
side  on  the  surface  of  the  water,  will  float,  and  the  needle 
and  depression  in  the  water  formed  by  the  needle  will  show 
plainly  on  the  screen.  If  the  needle  be  magnetized,  it  may 
of  course  be  attracted  and  repelled  by  a  magnet.  A  few 
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bits  of  gum  camphor  thrown  on  clean  water  will  move 
about:  in  a  curious  way.  A  few  drops  of  a  solution  of  cam¬ 
phor  in  benzole,  dropped  on  the  water,  yield  very  interest¬ 
ing  results.  Curious  effects  arc  produced  by  a  drop  of 
some  of  the  essential  oils.  The  oils  of  cinnamon,  coriander, 
and  lavender  are  examples.  In  Fig.  569  is  shown  the  me¬ 
thod  of  projecting  a  piece  of  apparatus  ;  in  the  present  case, 
a  radiometer.  The  objective  is  removed  from  the  lantern, 
and  supported  a  short  distance  in  front,  of  it,  and  the  ap¬ 
paratus  is  placed  between  the  lantern  and  the  objective. 

In  the  case  of  the  radiometer,  the  heat  of  the  lantern 


causes  the  radiometer  to  revolve,  so  that  it  is  seen  in 
motion  on  the  screen. 

In  Fig.  570  is  shown  a  simple  device,  known  as  the 
opcidoscope.  It  consists  of  a  short  paper  tube,  having  a 
thin  piece  of  rubber  stretched  over  it  and  tied.  A  small 
piece  of  mirror  is  cemented  to  the  center  of  the  rubber. 

7' he  perforated  card  shown  in  the  corner  of  the  engrav¬ 
ing  is  inserted  in  the  lantern,  and  a  pencil  of  light  is 
allowed  to  fall  on  the  mirror,  and  when  different  notes  are 
sung  into  the  open  end  of  the  paper  tube,  the  reflected  pen¬ 
cil  of  light  will  form  intricate  figures  on  the  wall. 

In  Fig.  571  is  shown  the  method  of  projecting  the  spec- 
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trum.  The  card  shown  above  the  lantern  has  a  central  lon¬ 
gitudinal  slit  about  three-sixteenths  inch  wide.  This  card  is 
inserted  in  the  lantern,  and  the  slit  is  focused  on  the  screen. 
An  ordinary  glass  prism  is  now  placed  in  front  of  the  ob¬ 
jective,  and  turned  until  the  best  effects  are  secured. 

In  Fig.  572  is  shown  an  experiment  in  double  refraction. 
The  perforated  card  shown  at  11  is  inserted  in  the  lantern, 
and  the  objective  is  arranged  as  described  in  connection 
with  Fig.  569.  The  aperture  of  the  card  is  focused  on  the 
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Double  Refraction. 


screen,  and  a  crystal  of  Iceland  spar  is  placed  between  the 
lantern  and  the  objective.  Two  images  of  the  aperture  of 
the  card  will  appear  on  the  screen,  showing  that  the  ray 
has  been  divided  or  doubly  refracted  by  the  spar.  A  per¬ 
manent  mounting  for  the  spar  may  be  arranged  as  shown 
at  12,  the  spar  being  mounted  in  a  cork  fitted  to  a  tube 
adapted  to  the  lantern  front. 

In  Fig.  573  is  shown  a  device  for  producing  a  luminous 
fountain.  A  tube  is  fitted  to  the  rear  half  of  the  objective 
tube  and  closed  at  the  rear  end  by  a  glass  disk,  cemented  in 


by  means  of  the  cement  above  described.  The  front  end  of 
the  tube  is  closed,  with  the  exception  of  an  orifice  three- 
eighths  inch  in  diameter,  in  which  is  inserted  a  smooth  tube 
about,  one-half  inch  long.  A  nipple  projects  from  one  side 
of  the  fountain  tube,  for  receiving  the  rubber  supply  pipe, 
which  may  either  be  connected  with  the  house  water  supply 
or  it  may  be  used  as  a  siphon,  taking  water  from  an  elevated 
pail  or  tank.  Only  a  small  head  is  necessary  to  secure  the 


desired  results.  The  stream  will  be  illuminated  throughout 
its  entire  length,  if  a  smooth  How  of  water  is  secured,  and 
it  may  be  tinted  by  inserting  colored  plates  of  glass  in  the 
slide  receiver. 

In  Fig.  574  are  shown  some  curious  effects  of  refraction. 
A  portrait  is  placed  in  the  lantern,  and  in  front  of  it  is 
placed  a  piece  of  wrinkled  window  glass,  which  is  slowly 
moved  back  and  forth,  the  curved  surfaces  of  the  glass 
producing  distortions  of  the  face  which  arc  sometimes 
ludicrous. 
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in  Fig.  is  sin  *u  n  a  k.iii'ii I*  »f  i « >| »r,  w  hu  h  tUusf  i  at rs  per¬ 
sistence  ui  \  isinit.  A  v  .ud  li.nmi;  sryrt.d  riules  *«s  small 
peril nations,  s.n  « me  eight  h  uu  Is.  is  n  uu  ulni  al  its  i  enter 
tu  uuc  tin!  < 4  a  shut t  spiial  sj»i iti;*,  tin-  ttj*}»Msjh  mil  «»{  the 
spring  bring  cemented  to  a  plate  i»i  glass  n  hn  It  Itfs  m  the 

lantern.  Ih  placing  this  slide  m  tlir  tauten*  ami  sinking 
tlu*  rat'd  mi  as  to  t'.itisr  it  tu  \  tin ate  in  ihttri ml  diferttous,  a 
great  variety  ui  curves  will  hr  desttihed  mi  tlir  s«  iren  tty 
the  light  s|tuts,  anti  o\\  iieg  to  the  j»rs sistrm  r  i »!  y  isiun,  these 
curves  will  he  seen  as  t  ontimtotis  lines. 
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A  disk  ttl  j»erh n atetl  t  at  db* uni  < n  tin  pivoted  t  ent r.dlv 
tu  a  plate  t»l  the  same  tnalei  ial,  as  show  n  in  big,  *70,  exhibits 
,,  a  eei  tain  s *hasr  * #1  mlr  t  Sn rnrr 

l> Iti,  **4.  1 

tt  lieu  sf  is  plait'd  m  lltr  tan 

'  trill  aii«  i  She  disk  js  l  r  y  « <|y  ed 

•  nBSBSfeSBffPWl  slow  h  .  Mus  is  a  u  u  simple 

jTOt  f  dry  u  r.  hut  it  is  well  u  >*i  (h  f  he 

,'f f i * t||l «Ie  al  makllHp 
jjjpr  <mm.-  Fig  >'J ;  *  h**w  s  a  *  aidhoard 

*'  disk  J.f.ividr,!  %%  ith  tadia* 

^  sluts,  and  ply » *!rd  »ui  the  end 

A  -  -a  ui  *i  handle.  It  is  designed 

•;  ■>*"*■  -  a,*.  tu  he  W  till  led  III  tfuiit  »»f  tlir 

, ,  .  ,  #S 

'*'T  /kV*”*1  -•  ■  *  l.iiitnsi  tishr,  fu  mtei  i  up!  tlir 

*•  *  **&•■*  light  brain,  to  show  the  elfects 

Ketetiwii  ,,j  ijitri'ttiit frnt  light  on  mov¬ 

ing  objects.  The  kittle  shown  iti  Fig,  578  is  designed  tu  show 
the  tiring;  til  the  eve,  bv  the  ob*ci  yattuu  ««!  4  setnit  imiiar 
light  spot  on  the  screen,  for  a  considerable  length  «4  tittle, 
then  quickly  providing  a  similar  sjmt,  having  the  same 
illumination,  for  comparison. 

This  slide  is  made  bv  cutting  in  a  slip  of  pastetxiard  two 
semicircular  holes,  with  a  bar  between,  thru  at  tanging  a 
card  to  cover  the  lower  semicircular  hole,  while  the  upper 
one  is  open.  The  card  is  attached  to  one  end  of  an  elas¬ 
tic  hand,  the  other  end  of  tlir  band  Iwing  fastener!  to  the 
pasteboard  slip.  The  caul  is  provided  with  a  string,  by 
which  it  may  be  held  in  plate  ovrt  the  lower  aperture  of 
the  slip.  After  the  slide  is  r\|H*srtt  tit  this  »  unditioit  for  a 
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few  seconds,  and  the  eye  becomes  wearied  by  viewing1  the 
white  spot  on  the  screen,  the  card  is  released,  and  the  rub¬ 
ber  withdraws  it  from  the  lower  semicircular  aperture, 
when  both  halves  of  the  circle  will  appear,  and  although 
they  are  equally  illuminated,  the  half  longest  on  the  screen 
will  appear  much  darker  than  the  other.  The  slide  shown  at 
19  and  20,  Fig.  579,  is  designed  to  illustrate  the  wave  theory 
of  light;.  The  plate,  20,  which  fits  the  lantern,  is  made 
of  a  glass  photographic  negative  plate,  exposed  and  devel¬ 
oped  to  render  it  opaque.  A  number  of  parallel  scratches 
are  formed  one-eighth  inch  apart  in  the  film  by  means 
of  a  large  needle.  The  slide,  19,  should  be  of  the  same 
width  as  the  plate,  20,  but  three  or  four  times  as  long. 
Upon  this  slide,  which  is  also  a  piece  of  negative  glass,  is 
scratched  a  sinuous  line,  covering  about  one-third  the  width 
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of  the  plate.  This  line  is  easily  made  by  the  aid  of  a  sheet 
metal  pattern  laid  out  by  means  of  compasses.  By  placing 
the  plate  with  the  parallel  scratches  in  the  lantern,  and 
moving  the  slide  over  it,  a  series  of  dots,  representing  ether 
particles,  will  be  seen  to  move  up  and  down  on  the  screen 
without  advancing,  but  the  waves  formed  by  the  dots 
move  on. 

At  2t,  Plate  VIII.,  is  shown  a  device  for  illustrating  the 
compression  and  rarefaction  of  air  in  sound  waves.  This 
slide  differs  from  the  other  in  having  a  single  straight  slit  on 
one  glass,  and  on  the  other  glass  a  series  of  sinuous  slits 
gradually  advancing  in  position  in  the  series.  By  moving 
the  long  plate  over  the  short,  one,  series  of  dots  represent¬ 
ing  air  particles  will  be  seen  to  advance  toward  and  recede 
from  each  other. 

At  22  is  shown  a  vertical  tank  which  is  thin  enough  to 


card,  having  a  slit  one-  Slirf0  "ht,wta*  lhc  ™n*  t,f  5hr  Km 
sixteenth  of  an  inch  wide  and  about  two  inches  lung, 
placed  in  the  lantern,  and  in  front  of  it  is  held  a  strip  *»f 
plate  glass.  Ho  long  as  the  glass  is  para l ltd  with  the  card* 
no  effect  is  produced  *,  but  when  the  glass  is  held  at  an 
angle  with  the  face  of  the  card,  the  lint*  of  light  passing 
through  tiie  slit  is  bent  aside  or  refracted. 
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Magnetic  curves  (26)  arc  shown  on  the  screen  by  placing 
the  magnet  on  the  vertical  attachment,  placing  on  the  mag¬ 
net  a  glass  plate, .sprinkling  on  the  glass  a  lew  iron  filings, 
and  then  gently  tapping  the  glass  to  cause  them  to  arrange 
themselves  in  curves. 

The  chemical  thermometer  (27)  is  projected  after  warm¬ 
ing  it  until  it  is  quite  blue,  then  dipping  it:  into  a  glass  of 
cold  water  in  the  field  of  the  lantern.  The  changes  from 
blue  to  pink  are  very  pretty.  The  change  begins  at  the 
outside. 

By  coating  glasses  with  solutions  of  various  salts, 
crystallization  may  be  seen  in  progress  on  the  screen. 

By  means  of  a  simple  magnetic  needle  mounted  on  a 
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To  arrange  the  microscope  for  projection,  the  focusing 
tube  is  withdrawn  from  its  guide,  the  draw  tube  is  removed 
from  the  focusing  tube  and  inserted  in  the  place  ot  the 
latter,  after  being  wrapped  with  one  or  two  thicknesses  oi 
paper  to  make  it  fit.  The  eyepiece  is  now  inserted  bottom 
up  in  the  draw  tube,  that  is,  with  the  eve  lens  next  the  stage 
of  the  microscope.  The  tube  is  then  turned  down  into  a 
horizontal  position,  as  shown  in  the  engraving  <  Mg.  5 Hot.  an 
object  of  some  kind  is  placed  on  the  stage,  and  the  lantern 
is  arranged  so  as  to  project  a  bright,  sharp  image  of  the 
flame  upon  the  back  of  the  object.  The  illuminating  power 
of  the  lamp  may  be  increased  by  turning  its  flame  edgewise 
or  at  angle  of  45". 

A  screen,  preferably  of  white  cardboard,  is  placed  about 
five  feet  distant  from  the  microsnipe,  and  the  image  is 
focused  by  sliding  the  draw  tube.  The  room  in  which 
the  microscope  is  used  must  he  made  as  dark  as  possible. 
With  these  appliances,  ordinary  objects  may  be  projected  so 
as  to  be  easily  visible  to  twelve*  oi  fifteen  persons,  '{’he 
nearer  the  scene  is  to  the  microscope,  the  brighter  will  be 
the  image. 

The  eyepiece  belonging  to  this  microscope  is  of  the  nega¬ 
tive  kind,  that  is,  the  image  is  formed  between  the  eve  lens 
and  the  field  lens,  when  the  eyepiece  is  used  in  the  regular 
way.  Very  good  results  may  be  secured  by  the  use  of  a 
single  lens.  Either  of  the  lenses  of  the  eyepiece  uuv  be 
used  by  removing  the  other,  but  in  this  case  the  diaphragm 
must  be  taken  out  to  allow  the  full  beam  of  light  to  pass, 

The  objects  that  may  be  shown  in  this  way  are  the*  larger 
animalcules  found  in  .stagnant  water,  parts  of  insects,  sec¬ 
tions  of  wood,  stems,  leaves,  etc.,  crystals,  woven  fabrics, 
leathers,  etc.  The  objects  selected  should  be  as  thin  as 
possible,  and  if  unmounted  should  be  pressed  flat  between 
two  glasses.  An  inexpensive  cadi  for  containing  objects  in 
water  may  be  made  by  pressing  two  plates  of  glass,  one 

?.,„u  „.,.i  _  . ..  !»  •  1  f 


Some  care  is  necessary  in  placing  the  miemsctipe  tube 
and  lantern  tube  axially  in  line.  If  is  necessary  In  sup- 
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ner  described,  but  of  course  its  size  is  limited  by  the 
amount  of  light  available.  With  a  strong  light,  such  as  is 
used  in  larger  lanterns,  the  size  of  the  image  may  be  greatly 
increased. 

OXYHYDROGEN  BURNER. 

A  small  oxyhydrogen  burner  may  be  used  to  advantage 
in  connection  with  the  toy  lantern.  The  concentric  or  an¬ 
nular  form  of  blowpipe,  in  which  the  gases  are  mingled  as 


Fig.  581. 


Annular  Oxyhydrogen  Burner. 

they  issue  from  their  respective  orifices,  is  perfectly  safe,  it 
being  impossible  for  the  gases  to  mix  in  the  tubes  or  gas 
holders.  In  this  burner  the  central  or  oxygen  tube  has  a 
conical  end  with  a  central  orifice  0*03  inch  in  diameter.  The 
hydrogen  tube  is  provided  with  an  adjustable  cap,  having  a 
central  orifice  o*  1  inch  in  diameter.  The  cap  is  conical  in¬ 
ternally  and  externally,  and  when  properly  adjusted,  as 
shown  in  the  sectional  view,  the  thin  space  between  the  inter- 


l.ANTKRX'  I'R»  )JKC  l  IUX. 


Ol 

nai surface  of  t he  cap  and  the  conical  end  ol  i lie  ox\  gen  tube 
forms  a  passage  lor  the  hydrogen,  w Inch  directs  it  act < »ss 
the  path  of  the  jet.  of  own'll,  By  this  simple  device  t he 
gases  are  intimately  mixed  at  the  moment  of  ignition,  and 
the  result  is  a  clear,  intense'  light  with  no  superfluous  flame 
and  with  comparatively  little  free  heat.  The  performance 
of  the  burner  compares  favorably  with  those  that  mix  tin* 
gases  inside,  while  it  is  perfectly  sate,  and  may  be  used  with 
a  gas  cylinder  or  bag  of  oxygen,  and  with  ordinary  illum¬ 
inating  gas  at  the  usual  pressure. 

A  simple  and  effective  device  for  turning  and  elevating 
the  lime  holder  is  shown  in  the  cut.  It  consists  of  a  spiral 
spring  soldered  to  the  lime  holder  spindle,  and  secured  to  a 
rod  extending  to  the  back  ol  the  lantern.  It  is,  in  fact,  a 
small  vise  of  the  “  flexible  shaft.”  By  turning  the  rod,  the 
lime  is  turned  and  elevated. 

'1*1 1 K  SCIKN*  m>tr  RAN'TfiUW 

In  lantern  projection,  as  in  all  other  scientific:  work,  the 
[vest  results  can  be  obtained  only  by  employing  the  best 
means.  While  a  cheap  lantern  may  have  considerable  utilit  y, 
it  cannot  fully  satisfy  modern  requirements  in  the  line  ol 
scientific  projection.  In  lug.  5X2  is  illustrated  a  lantern 
which  is  adapted  to  all  kinds  of  projection,  and  which  may 
be  readily  shifted  from  one  kind  of  work  to  another.  U  is 
provided  with  an  oxy hydrogen  burner  and  with  an  electric 
lamp,  either  of  which  may  be  used  at  pleasure.  It  may  be 
very  quickly  arranged  as  a  vertical  lantern,  amt  alt  of  the 
attachments  are  constructed  so  that  they  may  be  placed  at 
once  in  the  position  of  use  without  the  necessity  of  align- 
merit  and  adjustment  in  each  case. 

The  frame  of  the  lantern  consists  of  cast  iron  end  pieces 
having  rectangular  legs  attached  to  the  base.  To  the  sheet 
iron  top  is  attached  a  tall  chimney,  having  a  cowl  at  the 
upper  end  for  confining  the  light.  Opposite*  sides  nf  the 
upper  portion  of  the  frame  are  provided  with  hinged  sheet 
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is  aoout  2  inches,  mensural  from  the  plane  face  of  the  rear 
lens. 

IVuf.  A.  K.  Kalon,  ol  Brooklyn,  has  devised  a  condenser 
in  which  the  inner  lens  is  a  meniscus  and  the  outer  and 
larger  ones  are  crossed  lenses.  It.  is  used  in  many  scientific 
lanterns  ami  is  very  effective. 

'rive  outer  or  movable  lens  cell  projects  beyond  the 
hinged  plate,  and  receives  a  split  ring  provided  with  a 
shallow  internal  groove,  which  fits  over  a  corresponding 
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circumferential  rib  on  the  lens  cell.  1  his  split  ring  has  a 
tangent,  screw  for  drawing  it  together,  so  as  to  cause  it  to 
clamp  the  lens  cell.  It  is  also  furnished  with  an  car,  into 
which  is  screwed  a  bar  parallel  with  live  axis  of  the  lens.  To 
this  bar  are  fitted  the  slide  support,  the  supports  of  the  pro- 
jecting  lenses,  the  apparatus  for  microscopic  projection,  the 
polariseope,  the  adjustable  table  for  holding  tanks,  pieces  of 
apparatus,  etc. 

As  represented  in  Fig.  $82  the  lantern  is  arranged  for 
projection  of  pictures,  diagrams,  and  such  pieces  of  appa¬ 
ratus  as  will  go  in  the  place  of  an  ordinary  lantern  slide. 
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The  objective  is  a  one-quarter  portrait  lens  of  good  quality. 
For  the  support  of  tanks  and  other  vessels  for  projection 
the  table,  z.  shown  in  Fig.  583,  is  used  in  place  of  the  slide 
holder. 

The  attachments  shown  in  Fig.  583  are  employed  for  the 
projection  of  microscopic  objects.  The  engraving  shows  the 
polariscope  in  place ;  but  this  may  be  removed  by  simply 
taking  the  short  tubes  which  contain  the  prisms  of  the  polar¬ 
izer  and  analyzer  out  of  the  sleeves,  g  f.  The  stage  is  ar¬ 
ranged  so  that  it  may  be  revolved  either  with  or  independ- 


Fig.  584. 


Lantern  Polariscope. 


ently  of  the  polarizer,  and  the  latter  may  be  revolved  inde¬ 
pendently  of  the  stage.  The  objectives  are  supported  by  a 
movable  plate,  which  swings  so  as  to  bring  either  of  the 
objectives  into  the  position  of  use.  A  small  conically  pointed 
spring  bolt  locks  this  plate  in  either  of  its  three  positions. 
When  it  is  desired  to  use  a  larger  objective,  the  plate 
may  be  swung  below  the  supporting  bar,  when  the  objective 
may  be  inserted  in  the  sleeve,/.  This  arrangement  ad¬ 
mits  of  applying  a  system  of  lenses  for  wide-angled  crys¬ 
tals. 

In  the  projection  of  microscopic,  or  polariscopic  objects 
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it  is  advisable  to  always  interpose  the  alum  cell  or  water 
tank,  h,  between  the  condenser  and  the  Nicol  prism  or  the 
object,  to  intercept  the  heat,  and  thus  prevent  injury  to  the 
prism  or  object. 

The  table,  i ,  which  supports  the  tank,  /i,  is  made  adjust¬ 
able  as  to  height  to  accommodate  different  objects  or  pieces 
of  apparatus.  In  front  of  the  microscope  attachment  is 
supported  a  centrally  apertured  disk,  which  prevents  stray 
light  from  reaching  the  screen. 

The  sleeve  that  supports  the  objective  holder  and  the 
sleeve,/,  slides  on  the  tube,  a,  fitted  to  the  support  bar,  and 
is  provided  with  a  pinion  which  meshes  into  the  rack  on  the 
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Application  of  the  Ninety  Degree  Prism. 


tube,  a.  By  means  of  this  pinion  the  objectives,  together 
with  the  sleeve,  /  are  moved  out  or  in  for  focusing. 

In  Fig.  585  is  represented  a  polariscope  for  large  objects, 
which  is  constructed  according  to  the  plan  of  Delezenne, 
but  modified  by  the  writer  so  as  to  utilize  a  right-angled 
totally  reflecting  prism,  such  as  is  used  for  presenting 
objects  right  side  up  on  the  screen;  also  for  throwing 
the  beam  horizontally  from  the  vertical  attachment,  as 
will  be  described  later  on. 

The  black  glass  polarizing  mirror,  d,  is  arranged  at  the 
polarizing  angle  in  the  path  of  the  cone  of  light  proceeding 
from  the  condenser.  Below  the  mirror,  d,  is  supported  the 
right-angled  prism  with  its  reflecting  side  parallel  with  the 
mirror,  d.  The  beam  of  light  thrown  downward  by  the 
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black  glass  is  thrown  forward  by  the  prism.  A  revoluble- 
stage,  c,  and  a  tube,  d,  containing  an  objective  and  analyzing 
prism,  are  supported  with  their  axes  coincident  with  that  of 
the  light  beam  proceeding  from  the  prism,  c.  Focusing  is 
effected  as  in  the  other  case.  This  arrangement  is  par¬ 
ticularly  adapted  to  the  projection  of  designs  in  selenite  or 
mica,  mica  cones,  semi-cylinders,  and  specimens  of  strained 
glass. 

There  is  an  inappreciable  loss  resulting  from  the  angle 
formed  by  the  90°  sides  of  the  prism  with  the  incident  and 
emergent  beams.  The  polarizer  works  very  perfectly  and 
costs  only  a  small  fraction  of  the  amount  required  to  pur¬ 
chase  a  Nicol  prism  of  the  same  capacity.  It  cannot,  of 
course,  be  revolved  ;  but  the  object  and  the  analyzer  can  be 
turned,  which  is  sufficient.  Very  good  i-esults  can  be  secured 
by  employing  a  plane  mirror  in  place  of  the  reflecting  prism. 
The  bar  which  projects  from  the  front  of  the  lantern  is  made 
in  two  sections,  connected  by  a  close-fitting  bayonet  joint  to 
give  it  sufficient  length  to  receive  the  various  attachments. 
Its  under  surface  is  provided  with  a  V-shaped  groove  for 
receiving  V-shaped  gibs,  carried  by  the  sleeves  of  the  clamp¬ 
ing  screws  and  guided  by  slots  in  the  sleeves.  When  it  is 
desired  to  drop  any  attachment  out  of  the  way  temporarily, 
the  clamping  screw  may  be  loosened,  and  the  attachment 
may  be  turned  down  below  the  supporting  bar. 

For  such  objects  as  must  lie  in  a  horizontal  position  when 
projected,  the  hinged  plate  which  supports  the  outer  half  of 
the  condenser  is  raised  into  a  horizontal  position,  and  a  tri¬ 
angular  casing  containing  a  mirror  is  placed  underneath  it. 
The  attachment  is  provided  with  short  studs,  which  enter 
the  front  of  the  lantern  and  the  hinged  plate,  and  hold  it  in 
position.  The  reflecting  prism  (Fig.  585),  or  a  plane  mirror,, 
is  placed  over  the  objective  to  direct  the  light  to  the 
screen. 

To  prevent  the  escape  of  stray  light,  a  wire  frame  is 
attached  to  the  body  of  the  lantern,  so  as  to  support  a  black 
cloth  canopy,  which  covers  the  entire  front  of  the  lantern 
and  extends  downward  below  the  support  bar.  It  is  pro¬ 
vided  with  an  aperture  in  front  for  the  passage  of  the  pro- 
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jectecl  beam.  In  addition  to  this  protection,  the  larger 
objectives  may  be  provided  with  disks  like  that  shown  in 
Fig"-  583*  It  may  also  he  provided  with  a  hollow  cone, 
extending  from  the  rear  end  of  the  objective  toward  the 
object. 

These  precautions  in  regard  to  the  escape  of  light  are 
particularly  necessary  in  microscopic  and  polariscopic  pro¬ 
jection,  which  require  a  thoroughly  darkened  room.  In  the 
projection  of  plain  microscopic  objects,  it  is  found  advan¬ 
tageous  to  place  a  plano-convex  lens  of  three-fourths  inch 
focus  behind  the  stage.  In  many  cases  a  parallel  beam  of 
light  is  required  for  polarization.  This  may  be  secured  by 
introducing  into  the  cone  of  light  a  piano  or  double  concave 
lens  of  the  proper  curvature. 

An  analyzer,  formed  of  a  series  of  thin  glass  plates,  and 

Fig.  587. 


Course  of  the  Rays  through  the  Erecting  Prism. 

arranged  to  show  both  transmitted  and  reflected  beams,  is 
desirable.  By  a  second  reflection  of  the  reflected  beam  it 
may  be  combined  with  the  transmitted  beam,  showing  that 
the  reunion  of  the  complementary  colored  beams  produces 
white  light. 

In  Figs.  585  and  586  are  shown  two  applications  of  the 
90°  prism.  In  Fig.  586  it  is  shown  in  position  for  erecting 
the  image  produced  by  the  lantern.  The  course  of  the  rays 
is  clearly  indicated  in  Fig.  587. 

The  totally  reflecting  prism,  wrhen  used  to  render  the 
beam  horizontal  in  a  vertical  lantern,  is  arranged  as  shown 
in  Fig.  585  ;  i.  e.,  with  one  of  its  faces  at  right  angles  to  the 
beam,  and  with  its  reflecting  face  at  an  angle  of  45 0  with  the 
beam,  or  approximately  so. 

Probably  the  most  desirable  source  of  light  for  all  pur- 
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poses  is  the  oxyhydrogen  or  calcium  light.  The  burner 
shown  in  Fig.  582  is  an  excellent  one.  It  is  provided  with  a 
platinum-tipped  jet  and  is  arranged  for  every  adjustment. 
The  lime  cylinder  can  be  revolved  and  raised  or  lowered. 
The  jet  may  be  adjusted  relatively  to  the  lime  so  as  to 
secure  the  best  results.  As  the  gases  are  mixed  inside  the 
burner,  they  should  be  taken  from  tanks  or  cylinders  in 
which  considerable  pressure  is  maintained.  Gas  bags  are 
unsafe  when  used  in  connection  with  a  burner  of  this  kind. 

Gas  cylinders,  when  used  with  care,  are  safe.  It  is  a 
good  plan  to  test  both  the  oxygen  and  hydrogen  before  con¬ 
necting  the  cylinders  with  the  burner,  to  see  that  neither  of 
the  cylinders  contains  an  explosive  mixture.  This  is  easily 
done  by  means  of  test  tubes  or  metallic  tubes  closed  at  one 
end.  This  tube  is  placed  over  the  nipple  of  the  coupling, 
and  a  small  amount  of  gas  is  allowed  to  flow  in.  The  gas 
is  shut  off  and  the  tube  is  instantly  closed  ;  a  lighted  match 
is  placed  at  the  mouth  of  the  tube,  with  the  tube  open.  If 
the  gas  ignites  and  burns  quickly  at  first  and  then  goes  out 
with  a  puff,  it  is  hydrogen  pure  enough  for  use ;  but  if  the 
gas  explodes  when  the  match  is  applied,  it  should  be  tried 
again  ;  if  it  explodes  the  second  time,  it  shows  that  the  mix¬ 
ture  in  the  cylinder  is  explosive  and  should  not  be  used. 

When  a  match  is  applied  to  the  tube  containing  oxygen, 
it  simply  burns  brighter  ;  no  explosion  occurs. 

In  using  the  oxyhydrogen  light,  the  lime  cylinder  should 
be  adjusted  so  that  it  will  revolve  at  a  uniform  distance  of 
about  tV  inch  to  inch  from  the  tip  of  the  burner.  The 
hydrogen  must  be  turned  on  first,  lighted,  and  adjusted  to 
form  a  flame  that  spreads  out  upon  the  lime,  and  is  2  or  2\ 
inches  high  ;  the  oxygen  is  then  turned  on  until  the  light  is 
at  its  full  brightness  and  only  a  small  fringe  of  red  flame 
appears  around  the  luminous  part  of  the  lime.  The  lime 
should  be  turned  a  part  of  a  revolution  from  time  to  time, 
to  present  a  new  surface  to  the  jet.  When  the  light  is  to 
be  extinguished,  the  oxygen  is  turned  off  first  and  then  the 
hydrogen. 

By  moving  the  burner  up  or  down  or  from  right  to  left, 
the  best  position  of  the  light  for  covering  the  screen  can 
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readily  be  determined,  and  by  moving  it  toward  or  away 
from  the  condenser,  the  correct  position  lor  the  burner  rela 
tive  to  the  focus  of  the  lantern  can  be  secured.  The  burner 
must  be  moved  forward  when  the  screen  is  distant  and  in 
the  opposite  direction  when  the  screen  is  near.  If  a  soft 
lime  cylinder  is  used,  the  jet  is  liable  to  make  a  cavity  in 
it,  which  will  cause  the  flame  to  shoot  out  toward  the  con¬ 
denser.  This  frequently  causes  the  breaking  of  the  con¬ 
denser,  especially  when  the  burner  is  near  the  condenser. 
If  the  lime  is  apt  to  pit,  it  should  be  frequently  turned,  so 
as  to  bring  a  new  surface  opposite  the  burner,  and  the  gases 
should  be  turned  off,  so  as  to  diminish  the  force  of  the  jet. 

Some  lantern  users  place  a  thin  film  of  mica  ^  or  £  inch 
distant  from  the  condenser,  to  prevent  the  flame  from  strik¬ 
ing  the  condenser. 

LANTERN  K  X  PERI  M  ENTS. 

The  engravings  represent  a  few  examples  of  the  projec¬ 
tion  of  simple  physical  experiments  upon  the  screen.  Be¬ 
sides  a  lantern,  a  few  glass  tanks  with  parallel  sides  will  he 
required.  These  are  preferably,  but  not  necessarily,  made 
of  three  pieces  of  plate  glass,  one  a  thick  piece,  having  the 
shape  of  the  cavity  cut  out  of  it,  the  others  simply  fiat 
pieces,  attached  to  the  opposite  sides  of  the  first  by  means 
of  marine  glue  or  other  suitable  cement. 

A  cell  made  of  plates  of  glass  clamped  on  opposite  sides 
of  a  bent  rubber  strip  serves  a  good  purpose.  It  is  a  great 
convenience  to  have  several  of  each  kind,  so  that  prepara¬ 
tions  for  projection  may  be  made  at  leisure. 

In  Fig.  588  is  shown  the  well-known  experiment  illus¬ 
trating  cohesion.  In  the  tank  is  placed  a  mixture  of  alco¬ 
hol  and  water,  having  the  same  specific  gravity  as  olive  oil. 
Into  the  mixture  is  very  carefully  introduced  a  globule  of 
olive  oil,  which  may  be  colored  or  not.  The  oil  assumes 
a  perfectly  spherical  form,  and  produces  a  very  interesting 
image  on  the  screen. 

In  Fig.  589  is  shown  the  method  of  projecting  the  expe¬ 
riment  in  which  the  volume  of  equal  parts  of  alcohol  and 
water  is  less  when  they  are  combined  than  it  is  when  they 
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are  separate.  The  tank  has  a  large  chamber  with  a  narrow 
neck.  The  chamber  is  divided  in  the  center  by  a  remova¬ 
ble  partition  having  soft  rubber  edges.  Water  is  introduced 

Fig.  588. 


Cohesion. 


into  one  division  of  the  chamber,  and  slightly  colored  alco¬ 
hol  is  placed  in  the  other  division.  The  water  and  the 
alcohol  are  level  with  a  mark  on  the  glass.  On  turning  the 
partition,  the  water  and  alcohol  mix,  and  the  level  of  the 


Fig.  589. 


Reduction  of  Volume  by  Mixture. 

mixture  immediately  falls  some  distance  below  the  mark  011 
the  glass.  After  a  thorough  mixture  of  the  liquids,  the  par¬ 
tition  may  be  replaced  in  its  first  position. 
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By  arranging-  a  tank  with  a  partition  near  one  end,  as 
shown  in  Fig.  590,  the  experiment  in  which  a  large  amount 
of  cotton  is  introduced  into  a  vessel  filled  with  alcohol, 

Flu.  syo. 
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The  absorption  ol  gases  In  cuauo.d  C  readily  shown  in 
the  manner  illustrated  in  Id-.  vit.  A  glass  tube,  open  at 
both  ends,  is  dipped  in  mereiu  \  contained  m  the  bottom  ol 
the  tank.  A  cork  is  htteil  to  the  tipper  end  of  the  tube. 
Carbonic  aeitl  is  poured  into  the  tube,  then  a  piece  ot 
freshly  heated  charcoal  is  dropped  in,  and  the  toil  is  in¬ 
stantly  replaced.  The  charcoal  absorbs  the  gas  rapidly, 
creating  a  partial  vacuum,  which  causes  tire  mercury  to  rise 
in  the  tube  to  a  considerable  height. 

In  Id jj;'.  5<jj  is  shown  a  tank  containing  tour  liquids  of 
different  densities,  the  densities  decreasing  Irotn  the  bottom 


upward.  This  is  stmply  the  well  known  experiment  ot  the 
“  vial  ot  four  elements.”  The  liquids  arc  siicrciirv,  a  satin 
rated  solution  of  carbonate  of  potash  in  water,  colored  alt  o* 
hoi,  ami  kerosene  oil.  This  simple  experiment  is  very  inter, 
esting  when  performed  in  the  usual  way  ;  but  when  it  is 
projected  upon  the  screen,  the  struggle  of  the  different 
liquids  to  regain  equilibrium,  after  having  been  thoroughly 
stirred  up,  is  striking1. 

A  simple  ami  efficient  rotator,  in  which  the  means  of 
communicating  rotary  motion  does  not  appear  on  the  screen, 

is  shown  in  Figs.  593  and  $94.  In  this  apparatus  a  glass 

wheel,  provided  with  a  brass  rim.  is  furnished  with  a  shaft 
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which  turns  in  a  hole  bored  in  the  center  ol  a  thick  in' lass 
supporting  disk.  The  brass  rim  of  the  wheel  is  provided 
with  a  series  of  radial  vanes,  also  with  three  clamping 
screws  bearing  on  springs  in  the  interior  oi  the  rim  lor 
clamping  the  objects  to  be  rotated.  A  nozzle4  attached  to 
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Rotator  for  tlu;  Lantern. 


Em.  504. 


Section  of  RnUtot. 


the  back  piece  is  arranged  to  direct  a  jet  of  air  upon  the 
vanes,  and  thus  cause  the  glass  wheel  to  revolve.  A 
Fletcher  blowpipe  bellows  furnishes  a  suitable  blast  fm 
this  purpose. 

To  the  rim  of  the  glass  wheel  are  fitted  disks  lur  blend¬ 


ing  colors  Among  these  are  Newton’s  disks,  Fig.  595,  i 
one  of  which  the  colors  of  the  spectrum  are  four  times  n 
peated,  also  a  Brewsters  disk.  These  disks  are  made  b 
attaching  colored  films  of  gelatine  to  glass,  or  by  tinting  th 
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vidcti  with  u  circular  cell  tilled  with  the  ih|uhI*-  oi  uuterent 
densities,  to  which  allusion  hii*>  brt  it  mat it  iit  a  j  * 1 1  \  it  ms 
article.  This  cell,  when  at  test.  appear*.  a-,  in  Fig,  s‘C.  a  ml 
when  in  motion  as  in  Fig.  viS.  tin*  ditlnriit  litfuitk  bring 
compelled  to  assume  certain  relations  wilts  rat  h  other  by 
centrilugal  torce,  the  hraviei  liquid,  a.  taking  position  as 
tar  from  the  centet  ot  rotation  as  pnssi. 
l  lu'  ?<lt‘  •  hte,  tin*  litjuuls,  i\  . ,  arranging  them. 

selves  in  the  order  ot  tln-it  densities, 
1'lie  lantern  slide  show  n  in  Hi*. 
tonus  ;t  brautitul  object  lor  |»ro|rtliosi 
on  a  screen.  The  slide,  w  hit  h  is  luted 
to  the  lantern,  has  a  t  ill  til.it  aprt  ture 
for  the  passage  of  light,  ami  is  pr«*\  ided 

.  with  t  wi  i  springs  t«»i  holding  two 

Brewster  s  Oink  ,  ,  ‘  ,  , 

pieces  of  plate  glass  iiutnrrtril  together 

with  Canada  balsam.  The  upper  and  tiinri  t  or  nets  «»t  the 
glass  are  beveled  up  to  within  a  short  distum  r  ot  the  ends, 
forming  a  groove  or  trough  for  the  reception  oi  an  aqueous 
solution  ot  some  of  tire  aniline  rohu  s.  A  lever  earn,  tug  a 
pointed  knife  for  separating  the  glasses  is  pi\ tiled  in  tire 
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Action  of  Omriftiifsil  Inner  m%  Liijwtdt 


two  joining  edges  are  Ireveletl— as  shown  in  the  small 
detail  view— to  receive  a  portion  of  the  surplus  balsam 

pressed  from  between  the  glasses.  This  extra  balsam  pre* 
vents  the  entrance  of  air  from  the  ends  of  the  glasses. 

The  groove  formed  between  the  upjnrr  edges  of  the 
glasses  being  treed  from  balsam,  is  titled  by  means  of  a  pipette 
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with  a  strong  aqueous  solution  of  one1  of  I  ho  more  brilliant 
aniline  colors,  and  the  slide  is  placed  in  the  lantern.  Now, 
by  gradually  pressing  down  the  lever,  the  glasses  art'  sep¬ 
arated  by  the  entrance  of  the  knife  between  their  edges. 
The  arborescent,  forms  grow  downward  in  the  slide,  and 
the  aniline  color  (ills  them,  while  upon  t he  screen  huge 
ferns  and  cacti  grow  up  with  great  rapidity.  Any  ol  the 
brighter  aniline  colors  will  answer,  but  green  seems  the 
most  appropriate,  as  the  exquisite  forms  that  appear  on  the 
screen  resemble  leaves  and  vegetation  more  than  anything 
else. 

Fie.  s<m, 


\  l  *:  rv'd  I 


Lantern  Slide  for  projecting  Aiburnst'cnl  rtirnis. 

Without  the  application  of  color,  the  balsam  yields 
images  which  closely  resemble  richly  embossed  white  satin, 
the  form  of  the  figures  being  substantially  like  those  shown 


lard  will  exhibit  tins  phenomenon,  but  the  balsam  gives  the 
best  results. 

The  annexed  engraying  shows  an  inexpensive  and  very 
simple  and  effective  device  for  exhibiting  the  action  of  the 
circulating  fountain  upon  a  screen.  It  consists  of  a  glass 
tube  of  small  diameter  bent  into  the  form  of  a  volute,  with 


vertically  and  provided  with  a  funnel  at  the  upper  extrern- 


KXPKKIMt  NT  A  I.  m  II'At  t  . 


1 06 

itv.  The  tube  at.  the  miter  end  * »!  the  spiral  is  btmt  out¬ 
ward  radially,  then  downward  at  right  angles.  The  tube 
thus  bent  is  mounted  on  a  board  having  a  circular  aperture 
a  little  larger  than  the  spiral,  so  that  the  entire  spiral  may 
be  strongly  illuminated,  while  tin-  ends  * *1  the  tube  leailim* 
to  and  from  the  spiral  are  concealed  bv  the  board. 

Above  the  funnel  is  supported  a  irsrrwiit  with  a  fine 
ajutage,  the  reservoir  being  provided  w  it  It  a  pointer! 


I'  J*  *  < »<  i, 


Circulating  K<uuu,uii  i.n  I’jojctaem 


wooden  rod  which  extends  down  into  the  tube  at  the  lower 
end  and  forms  a  valve  for  regulating  the  flow  »*f  liquid. 

The  liquid  employed  is  water  to  which  lias  been  added 
some  coloring  matter,  such  as  aniline'  blur,  red,  or  green. 
A  few  drops  of  aniline  reel  ink  answers  lot  tins  purpose. 

The  flow  of  the  liquid  is  started  bv  loosening  the  valve* 
so  that  the  water  drops  regularly  into  the  fntttirf  of  the  tube 
below.  I  he  drops  should  fall  so  as  to  include  ait  spaces 
between  them.  1  he  liquid,  as  it  issues  lt**m  the  down 
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wardly  turned  end  of  the  spiral,  is  reeeived  in  a  eup,  by 
which  it  may  be  returned  to  the  reservoir  to  be  used  again. 

When  it  is  desired  to  accelerate  the  motion  ut  the 
liquid  in  the  tube,  a  short  rubber  pipe  is  connected  with  the 
downwardly  turned  end  of  the  glass  tube. 

The  glass  tube  is  about  one-sixteenth  inch  internal  dia¬ 
meter,  and  the  spiral  is  three  and  one-half  inches  in  dia¬ 
meter. 

When  the  fountain  is  in  operation,  the  material  of  the 
spiral  appears  to  revolve,  but  each  convolution  at  a  differ¬ 
ent  rate  of  speed,  owing  to  its  increasing-  diameter.  When 
projected  with  a  good  lantern  and  a  strong  light,  it  becomes 
a  very  interesting  object. 

The  experiment  illustrated  in  Fig.  dor  shows  the  great 
elasticity  of  certain  solid  bodies  and  the  almost  total  want 
of  elasticity  in  other  solid  bodies.  Etu.  f»u. 

This  experiment  is  introduced  0 

here  mainly  on  account  of  its 
adaptability  to  projection  with 
a  lantern.  A  thick  plate  of 
glass,  a  small  slab  of  marble,  or 
better,  a  bar  of  tempered  steel, 
is  supported  so  that  its  upper  surface  appeal rs  in  the  held 
of  the  lantern.  A  small  glass  ball,  or  a  |  or  inch  hardened, 
ground,  and  polished  steel  ball,  such  as  is  made  by  the 
Sinnmds  Manufacturing  Company  for  ball  bearings,  is 
dropped  upon  the  glass  or  steel  from  a  measured  height 
within  the  field  of  the  lantern.  The  impact  compresses  tin: 
ball  and  the  plate.  At:  the  instant  following  the  stopping 
of  the  hall,  the  ball  and  the  plate,  by  their  own  elasticity, 
return  to  their  normal  condition,  and  the  force  stored  by 
the  impact  is  given  out  instantaneously,  loreing  the  ball 
back  toward  the  point  of  starting.  If  undisturbed,  the  ball 
will  fall  and  rebound  again  and  again,  losing  a  little  of  its 
force  each  time  until  it  finally  comes  to  rest. 

By  substituting  a  lead  plate  for  the  glass  or  steel  plate, 
or  by  substituting  a  lead  ball  for  the  glass  or  steel  one,  it  is 
found  that  the  force  acquired  by  the  ball  in  its  descent  is 
expended  mainly  in  changing  the  form  ol  the  plate  or  ball, 


Kl.islirilv  ut  Sutul  I tmlirs. 


EXPERIMENTAL  SCIENCE. 


108 

and  that  as  the  inelastic  nature  of  the  material  prevents  it 
regaining  its  former  shape,  there  can  be  no  rebound,  as  in 
the  other  case. 

The  property  of  elasticity  is  also  shown  by  the  collision 
balls  illustrated  in  Fig.  602.  This  well  known  experiment  is 
adapted  to  the  lantern,  and  shows  well  on  the  screen.  Six 
of  the  steel  balls  already  referred  to  or  six  small  glass  balls 
or  marbles  are  required.  Each  ball  is  provided  with  a  small 
metallic  eye,  which  is  attached  by  means  of  cement  or 
fusible  metal  used  as  a  solder.  Five  of  the  balls  are  sus¬ 
pended  from  the  two  wire  supports  by  fine  silk  threads,  so 
that  they  all  hang  in  line  and  touch  each  other  very  lightly. 

Fig.  602. 


Collision  Balls. 


The  sixth  ball  is  suspended  by  a  wire,  which  is  bent  down 
between  the  supports  to  receive  a  thread  which  extends 
through  an  eye  attached  to  the  supports  and  serves  to  draw 
back  the  sixth  ball.  The  thread  by  which  the  ball  is  moved 
is  not  noticeable,  as  it  is  partly  or  wholly  concealed  by  the 
supports.  By  drawing  back  this  ball  in  the  manner  indi¬ 
cated,  and  then  allowing  it  to  fall,  its  impact  will  slightly 
flatten  the  ball  with  which  it  comes  into  contact,  and  each 
ball  in  turn  transmits  its  momentum  to  the  next,  and  so  on 
through  the  entire  series.  The  last  of  the  series  is  thrown 
out  as  indicated  in  dotted  lines,  and  upon  its  return  its  im¬ 
pact  produces  the  same  result  as  that  already  described,  but 
the  effects  are  in  a  reverse  order. 
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A  very  simple,  pleasing,  and  at  the  same  time  instructive 
lantern  experiment  is  illustrated  in 'Fig.  603.  A  lodestone 
supported  by  a  brass  wire  from  the  baseboard  is  arranged 


Fig.  603. 


to  project  into  the  field  of  the  lantern  without  showing  the 
wire.  Under  the  lodestone  is  placed  a  small  cup  filled  with 
fine  iron  filings,  and  also  in  the  field  of  the  lantern.  An  un- 

Fig.  604. 


Effect  of  a  Helix  on  Suspended  Particles  of  Iron. 

magnetized  needle  is  dipped  in  the  filings  and  removed,, 
showing  that  it  has  no  power  to  lift  the  filings ;  then  while 
it  is  still  in  the  field  of  the  lantern,  the  needle  is  rubbed 
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across  the  cad  of  the  lodestone  and  dipped  the  second  time 
into  the  tilings.  This  time  the  ucrtdc  takes  up  a  quantity 
of  the  tilings,  showing  that  the  lodestone  has  imparted  mag¬ 
netic  properties  to  the  needle. 

To  render  this  experiment  complete,  an  erecting  prism 
must  be  used  to  cause  the  image  to  appeal  right  side  tip  on 
the  screen. 

The  effect  of  a  helix  on  particles  of  magnetic  material 
suspended  in  a  liquid  is  shown  in  the  expet iment  illustrated 
bv  Fig.  (>04,  which  is  arranged  tor  projection  or  lot  individ- 
uul  observation.  A  short  section  id  glass  tubing,  a  %  inches 
in  diameter  atid  f  inch  long,  is  ground  tine  anti  smooth  at 
its  ends  and  clamped  between  two  plates  nl  glass  with  inter- 
vetting  rings  of  elastic  rubber.  Before  damping  the  parts 
together,  one  end  o!  the  glass  tube  is  cemented  to  the  pack¬ 
ing  ring,  which  in  turn  is  cemented  to  the  glass,  and  a  small 
quantity  of  hue  iron  tilings  is  placed  in  the  cell,  the  cell  is 
tilled  with  a  fifty  per  rent,  solution  of  glycerine  and  ah  uhol, 
and  a  helix  formed  of  live  or  six  lave 's  ui  No.  m  magnet 
wire  is  placed  upon  the  glass  tube.  The  remaining  parking 
ring  is  placed  on  the  end  ot  the  glass  tube,  the  second  glass 
plate  is  put  in  position,  the  clamps  are  applied,  ami  the  appa¬ 
ratus  is  ready  for  use.  This  method  of  making  the*  cell  leaves 
an  air  bubble,  which  is  needed  to  allow  the  liquid  to  expand 
freely. 

By  thoroughly  agitating  the  liquid,  the  iron  tilings  will 
be  evenly  distributed  throughout  the  cell,  and  they  will  Ik* 
prevented  from  falling  immediately  bv  the  viscid  nature  of 

the  solution. 

When  a  battery  is  connected  with  the  helix,  the  iron 
particles  arrange  themselves  at  right  angles  to  the  win*  and 

parallel  with  the  light  beam,  allowing  more  light  to  pass. 

The  effect  produced  In  the  magnetic  field  by  the  pres, 
cnee  of  an  armature  is  shown  by  the  lantern  experiments 
illustrated  in  Figs.  605  and  f*ob. 

In  Fig.  605  is  shown  a  permanent  magnet  having  the 
form  of  a  field  magnet  of  a  dynamo.  This  magnet  k 
cemented  to  a  plate  of  glass.  When  the  magnet  thus 
arranged  is  placed  in  a  vertical  lantern,  with  the  glass 
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uppermost,  and  a  few  line  iron  filings  are  sprinkled  on  die 
glass,  the  usual  magnetic  curves  arc  lormed.  'The  lines 
will  extend  straight  across  from  one  polar  extremity  <>(  the 
magnet  to  the  other,  and  at  the  ends  will  be  formed  sym¬ 
metrical,  approximately  semicircular  curves.  When  a 
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The  Mapfiiflic  Field, 


•cylindrical  piece  of  iron,  representing  the  armature  core 
of  a  dynamo,  is  inserted  between  the  poles  of  the  magnet 
in  the  place  usually  occupied  by  the  armature,  the  lines  are 
deflected  inward,  becoming  perpendicular  to  the  periphery 
of  the  armature.  The  iron  representing  the  armature  is 
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Effect  of  art  Armature  on  the  MurwUc  Field. 


cemented  to  a  second  plate  of  glass.  The  iron  particles 
arrange  themselves  in  a  more  pronounced  figure  if  the 
glass  plate  upon  which  they  are  sprinkled  be  jarred  slightly. 

In  Fig.  6071s  shown  a  method  of  forming  magnetic  curves 
for  projection  in  which  the  iron  particles  slowly  arrange 
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themselves  under  the  influence  of  the  magnet,  giving  the- 
appearance  of  crystallization.  In  a  closed  cell  is  placed  a 
quantity  of  glycerine,  into  which  is  introduced  a  quantity  of 


Fig.  607. 


fine  iron  filings.  In  the  top  of  the  cell  are  inserted  two  soft 
iron  pole  pieces,  arranged  to  receive  the  poles  of  a  perma¬ 
nent  magnet.  The  glycerine  is  thoroughly  agitated,  so  as  to> 


Fig.  608. 


Projection  of  Electric  Spark. 

distribute  the  filings  as  evenly  as  possible  throughout  the- 
cell.  The  cell  is  then  placed  in  the  lantern,  and  the  mag-net 
applied  to  the  pole  pieces.  The  iron  particles  will  be  drawn 
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slowly  toward  the  pole  pieces,  arranging  themselves  in  sym¬ 
metric  curves. 

In  Fig.  608  is  shown  apparatus  for  the  projection  of  the 
static  discharge.  It.  consists  of  a  stand  having-  two  vulcanite 
columns,  in  the  upper  ends  of  which  are  inserted  adjustable 
brass  rods,  provided  with  brass  balls  at.  opposite  ends.  The 
adjacent  balls  are  adjusted  to  the  striking  distance  and 
focused  on  the  screen.  The  light  for  projection  should  be 
only  strong  enough  to  show  an  image  of  the  balls.  When 
the  conductors  of  a  static  machine  or  induction  coil  are 


connected  with  the  brass  rods,  the  path  of  the  spark  will 
appear  as  a  brilliant  white  line  on  t, 

,  r  ,  ,  * a;.  609. 

the  screen.  1  he  discharge  ot  a  _ . 

Leyden  jar  is  still  more  brilliant.  WU'ff 

The  apparatus  shown  in  Fig.  Ig 

609  is  designed  to  show  upon  the  B|  I  I 

screen  the  experiment  known  as  WpfJ 

the  electric  fountain.  A  small  glass  y  p, 

vessel  provided  with  a  capillary 
tubulure  at  the  bottom  is  sup- 

ported  above  a  tumbler.  The  B  fff  1  . 

vessel  is  filled  with  water  and  the  . ,  —  ■*»;! 

capillary  aperture  allows  the  water  -1 

to  drop  slowly  when  acted  upon 
by  gravity  only,  but  when  the 

water  is  electrified  by  connection  Metrical  Repulsion, 
with  a  static  machine  or  induction  coil,  it  issues  in  a  line 
stream,  the  change  in  the  chara'cter  of  the  discharge  being 
caused  by  the  mutual  repulsion  of  the  particles  of  water. 
In  all  these  experiments  an  erecting  prism  is  reejuired. 

The  discovery  of  the  action  of  an  electric  current  upon 
a  magnetic  needle  was  made  by  Christian  Oersted  in  1 8 1  y. 
It  is  shown  by  experiment  that  the  magnetic  needle  tends 
to  arrange  itself  at  right  angles  to  a  conductor  carrying  a 
current. 


Electrical  Repulsion, 


In  Fig.  610  is  illustrated  a  piece  ot  apparatus  for  demon¬ 
strating  this  fact,  either  to  a  few  individuals  or  to  a  large 
assemblage,  by  the  aid  of  a  lantern.  It  consists  of  a  com¬ 
pass  with  a  glass  bottom  having  the  scale  marked  on  it. 
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The  needle  turns  on  a  pivot  projecting  from  a  little  plate 
cemented  to  the  center  of  the  glass.  When  a  conductor  is 
laid  across  the  compass,  parallel  with  the  needle,  and  a  cur¬ 
rent  is  sent  through  the  conductor,  the  needle  is  deflected 
in  one  direction  or  the  other,  depending  upon  the  direction 
of  the  current. 

The  amount  of  deflection  depends,  of  course,  on  the 
strength  of  the  current. 

In  the  year  following  the  discovery  of  Oersted,  Schweig- 
•ger  found  that  the  power  of  the  current  over  the  needle 
was  increased  by  causing  the  current  to  pass  several  times 
around  the  needle.  Owing  to  this  fact,  the  galvanometer 
was  formerly  known  as  the  galvano-multiplier.  A  conve 


Fig.  610. 


Compass  for  projecting  Oersted’s  Experiment. 


nient  and  useful  galvanometer  for  ordinary  use,  and  for  pro¬ 
jection,  is  shown  in  Fig.  61 1  ;  1  showing  the  complete  in¬ 
strument  in  perspective,  2  being  a  diagram  of  the  circuits, 
and  3  being  a  transverse  section  of  the  compass  box.  The 
foundation  of  this  galvanometer  is  a  fine  photograph  on 
glass  of  a  complete  scale  of  degrees  of -the  size  of  an  ordi¬ 
nary  lantern  slide.  Upon  the  center  of  the  photograph  is 
cemented  a  small  metallic  disk,  in  which  is  secured  a  fine 
needle  point,  and  upon  this  is  poised  a  jeweled  compass 
needle  taken  from  a  pocket  compass. 

To  diametrically  opposite  sides  of  the  boss  of  the  com¬ 
pass  needle  are  soldered  the  heads  of  two  entomological 
pins,  which  are  perfectly  adapted  to  this  use,  being  long, 
thin,  and  finely  pointed..  These  are  arranged  exactly  at 
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right  angles  with  the  needle.  To  one  o!  these  pins  is 
cemented  a  thin  paper  arrowhead,  and  upon  the  other  pin 
is  placed  a  small  drop  of  solder  to  counterbalance  the 
paper. 

The  compass  thus  formed  is  provided  with  a  glass  cover, 
separated  from  the  scale  by  narrow  strips  of  wood.  The 
baseboard  upon  which  the  compass  is  mounted  is  provided 
with  a  round  central  aperture,  a  little  larger  than  the  circle 
of  the  scale.  Across  this  aperture  is  secured  an  oblong 
rectangular  coil,  which  will  presently  be  described.  The 
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ends  of  the  coil  are  let  into  recesses  in  the  baseboard,  so 
that  when  the  compass  is  in  its  place  the  needle  will  occupy 
a  central  position  in  the  coil,  The  compass,  after  adjust¬ 
ment,  is  fastened  in  place  by  six  small  brass  screws,  and 
along  one  edge  ol  the  compass  is  arranged  a  permanent  bar 
magnet,  which  is  held  in  its  place  by  two  pins.  The  bar 
magnet  serves  for  adjusting  the  pointers  to  zero,  and  ren¬ 
ders  the  compass  independent  of  the  earth's  magnetism, 
so  that  the  galvanometer  may  be  used  in  any  position 
without  regard  to  the  magnetic  meridian. 
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The  Coil  consists  of  a  narrow  copper  trough,  A  (see 
diagram),  of  U-shaped  cross  section,  one-fourth  inch  wide 
and  one-eighth  inch  deep,  separated  a  short  distance  at  one 
end  of  the  coil,  so  that  the  current  may  be  sent  around  the 
needle  through  the  copper  trough  alone  when  desirable. 

In  the  trough  is  wound  a  quantity  ol  No.  40  sUk-cov- 
ered  copper  wire,  forming  the  coil,  B,  one  terminal  ol 
which  is  fastened  to  one  end  of  the  copper  trough  in  such 
a  way  that  the  trough  forms  a  continuation  ol  the  coil.  I  he 
opposite  or  outer  end  of  the  tine  wire  coil  is  connected  with 
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the  diagram,  the  current  passes  through  the  trough  only. 
Arranged  in  this  way,  the  galvanometer  is  adapted  to  the 
measurement  of  heavy  currents.  When  the  switch  arm 
is  on  the  point,  D,  the  current  goes  through  both  the  tine 
wire  coil  and  the  trough.  In  this  way  the  instrument  is 
adapted  to  light  currents.  This  galvanometer  is  adapted  to 
the  general  run  of  experimental  work.  It  make  *s  a  good 
image  on  the  screen  or  ceiling  when  used  in  a  lantern  with 
a  vertical  attachment.  The  magnet  interferes  somewhat 
with  its  sensitiveness,  and  may  he  removed  when  very  deli¬ 
cate  action  is  desired. 

In  1820  Ampere  discovered  that  the  action  of  a  con¬ 
ductor  in  which  a  continuous  current  of  electricity  is  main¬ 
tained  is  like  that,  of  a  magnetic  needle.  lie  replaced  the 
needle  by  a  delicately  pivoted  conductor,  and  demonstrated 
that  all  of  the  phenomena  of  the  needle  could  be  repro¬ 
duced  by  the  suspended  con  duet  or. 

Another  curious  discovery,  due  to  the  same  great  phy¬ 
sicist,  is  that  of  the  mutual  attraction  and  repulsion  of 
parallel  conductors.  Apparatus  for  exhibiting  this  pheno¬ 
menon  is  illustrated  by  Fig.  6 12.  In  this  figure  the  per¬ 
spective  view  shows  the  device  adapted  for  projection,  and 
the  diagram  shows  the  circuits. 

Two  parallel  wires,  A,  B,  are  arranged  one  above  the 
other,  the  wire,  A,  being  fixed,  the  wire,  B,  being  movable. 
The  wire,  A,  is  bent  twice  at  right  angles,  and  its  ends  arc 
inserted  in  the  baseboard,  'flit*  wire,  B,  is  bent  twice  at 
right  angles,  and  the  arms  thus  formed  are  provided  with 
eyes  which  are  suspended  on  delicate  pivots  on  the  stand¬ 
ards,  c\  d.  These  arms  a  prolonged  beyond  their  pivots  and 
provided  with  weights  for  counterbalancing  the  wire,  the 
weights  being  so  arranged  as  to  cause  the  wire,  B,  to  rest 
normally  a  short  distance,  say  one-fourth  or  three-eighths 
inch,  from’the  wire,  A. 

The  connections  with  the  battery  or  other  electric:  gen¬ 
erator  are  through  the  hooks,  at  />.  A  current-reversing 
switch  is  provided,  by  which  the  current  may  be  made  to 
flow  in  the  same  direction  or  in  opposite  direction  through 
the  conductors,  A,  B.  With  the  switch  in  the  position  shown, 
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the  current  arriving  at  the  honk,  tu  passes  in  the  direction 
of  the  arrow  to  the  switch  arm,  j ,  point,  p(,kit,  i,  and 
standard,  r,  through  the  conductor,  B,  to  t he  standai  d,  ti, 
thence  to  point,  //,  to  the  switch  arm,  c,  t lienee  thtough  tlu 
conductor,  A,  to  the  hook,  b.  The  current  flowing  in  oppo- 
site  directions  through  the  conductors,  A,  B,  cause  s  tilt  rc» 
pulsion  of  the  conductor,  B. 

By  shifting-  the  switch  arms,  *\ /,  to  the  points,  /,  //,  the 
current  will  flow  through  both  conductors  in  the  same  direc¬ 
tion,  thereby  causing  them  to  mutually  attract  each  other, 
the  result  being  the  movement  of  the  conductor,  B,  toward 
conductor,  A.  This  apparatus  is  designed  especially  for 
projection,  the  parallel  wires  only  being  visible  on  the 
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On  the  base  below  the  curved  pari  of  the  wire  is  placed  a 
box  well  filled  with  iron  filings.  The  box  and  the  wire  arc 
projected  on  the  screen,  an  erecting  prism  being  used.  I  he 
wire  is  pressed  downward  into  the  tilings  and  withdrawn 
before  the  current  passes,  to  show  that  the  win*,  uninfluenced 
by  the  current,  is  not  able  to  lift  the  tilings.  The  current  is 
sent  through  the  wire,  when  it  is  again  dipped  into  the  tilings. 
This  time  it  will  take  up  a  quantity  of  the  tilings,  as  shown  in 
the  engraving,  each  fragment  of  iron  becoming  a  magnet. 
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are  provided  with  a  coating  of  insulating  varnish.  A  darn¬ 
ing  needle  is  placed  in  each  helix,  ami  w  hen  no  current  is 
passing,  a  magnetized  cambric  needle,  suspended  by  a  tine 
thread,  is  held  near  the  ends  ol  the  needles  in  altematinn. 
It  is  drawn  toward  both  alike. 

After  a  current  has  been  sent  through  the  helices  it  u  ill 
be  found  that  the  darning  needles  are  magnetic,  but,  uu  i ag¬ 
io  the  opposite  winding  ol  the  helices,  corresponding  ends 
will  have  opposite  polarit  v.  as  will  be  show  n  by  again  pre¬ 
senting  the  suspended  eatnbrie  needle  to  the  ends  ot  the 
darning  needles.  It  will  he  attracted  by  one  and  repelled  by 

Fin.  05. 


the  other.  By  placing  a  U-shaped  piece  of  soft  iron  wire  in 
the  helices,  as  shown  in  Fig.  615,  the  construction  of  the  first 
electro-magnet  (Sturgeon's)  is  clearly  illustrated. 

In  Fig,  616  is  shown  a  device  lor  projecting  the  incandes¬ 
cent  lamp.  It  is  suspended  from  two  conductors,  and  its 
image  is  thrown  upon  the  screen  with  a  dull  light  which  ih 
just  sufficient  to  clearly  show  the  outline  of  the  lamp  and  the 
black  carbon  filament.  A  current  is  then  sent  through  the 
lamp,  when  the  filament  tie  comes  incandescent  anti  shows  as 
a  brilliant  arch  on  the  screen,  while  all  the  parts  of  the  lamp 
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gorgeous  colors  of  polarized  light.  Small  pieces  n!  quart/ 
exhibited  in.  the  same  wav  produce  brilliant  elleets. 

In  Fig.  621,  at  <1  and  />,  are  shown  the  elleets  ol  glass 
under  pressure  upon  a  beam  ol  polarized  light.  At  ti,  a 
rectangular  block  of  thick  glass  is  arranged  in  an  apertured 
plate  bet  ween  a  convex  edge,  A,  and  the  convex  follower,  C, 
the  latter  being-  forced  downward  bv  a  screw  which  is 
turned  so  as  to  bring  more  or  less  pressure  to  bear  upon 
the  edge  of  the  glass.  The  brilliancy  ol  the  color  and  the 
form  vary  with  the  pressure.  In  the  other  case,  as  shown 
at  b,  the  pressure  acts  upon  diagonal  lines  from  ('  to  It.  B, 
with  the  results  indicated. 


VTItHATIONS  OF  Id  A  Pit  KAO  MS. 

The  telephone  and  phonograph  show  conclusively  t hat 
the  human  voice  is  able  to  set  certain  bodies  in  active  vibra- 
tion.  These  vibrations  may  he  detected  by  touch,  but  tinw¬ 
are  not  discernible  by  the  unaided  eve.  It  has  been  shown 
that  the  force  which  produces  them  is  able  to  perform  a 
considerable  amount  of  work.  A  telephone  diaphragm  is 
able  to  vibrate  sufficiently  to  transmit  speech,  even  when 
heavily  weighted.  A  diaphragm,  when  placed  in  a  hori¬ 
zontal  position  and  damped  by  a  live  pound  weight  sus¬ 
pended  from  its  center,  transmitted  .speech  equally  as  well 
as  one  not.  so  damped,  the  only  difference  being  a  consider¬ 
able  loss  in  the  volume  of  sound. 

Mr,  Edison  some  years  since  devised  a  piece  of  appara¬ 
tus  known  as  the  phonomotor,  in  which  a  diaphragm 
vibrated  by  the  voice  was  made  to  rotate  a  wheel  at  a  high 
velocity,  lathe  phonograph  the  cutting  stylus,  which  is 
moved  by  the  diaphragm,  exhibits,  when  In  action,  some- 
thing  of  the  power  of  the  voice,  and  the  engraving  on  the 
cylinder  of  the  phonograph  shows  the  complex  eharaetet 
ratio 
fficu 
e  of 
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At  I,  in  Fig.  622,  is  shown  a  telephone  diaphragm  at 
ranged  upon  a  standard  and  adapted  for  projection.  I  hF 
apparatus  is  shown  in  section  at  2.  To  the  top  of  the  dia¬ 
phragm  cell  is  secured  a  hook  which  supports  a  small  me¬ 
tallic  ball  opposite  the  center  of  the  diaphragm  In  means  ot 
a  line  silk  thread.  The  ball  hangs  normally  in  eoutaet  with 
the  diaphragm,  but  when  sounds  arc*  uttered  in  tin*  tube 
attached  to  the  cell,  the  diaphragm  is  vibrated,  its  motion 
being  made  manifest  by  the  repeated  repulsion  of  the  hall. 

In  Fig.  623  is  shown  an  instrument  lot  t raring  upon  a 
smoked  glass  a  record  of  the  movements  ot  the  diaphragm. 
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Experiment  showing  tha  Vibration  of  a  IbaphMgm 


A  wooden  frame  is  supported  by  a  standard  seen  red  to  the 
baseboard.  The  face  of  the  wooden  frame  is  grooved  to 
receive,  the  smoked  glass  plate,  whic  h  is  held  in  the  groove 
by  four  spring  clips,  so  that  it  may  be  moved  up  <»r  down 
after  each  tracing,  preparatory  to  making  a  new  one.  In 
one  edge  of  the  frame  are  inserted  two  parallel  rods,  which 
are  further  supported  by  a  standard  attac  hed  to  the  base. 
The  standards  are  made  adjustable  to  adapt  the*  iustru 
ment  to  lanterns  of  different,  heights.  The  arm  width 
supports  the  diaphragm  cell  is  provided  with  a  sleeve 
which  slides  freely  on  the  upper  rod,  and  it  i%  fur 
nished  at  its  lower  end  with  a  fork  which  partly  rni. 
braces  the  lower  rod.  By  this  arrangement,  the  diaphragm 
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cell  is  truly  guided  while  the  tracing  is  bring  made,  and  at 
the  same  time  the  construction  allow  s  of  tilting  th<*  cell 
whenever  it  is  desirable  to  remove  the  tracing  point  irnm 
the  surface  of  the;  glass,  The  diaphragm  t  ell  consists  ol 
two  chambered  recessed  disks  fastened  together  with 
screws,  anti  clamping  between  them  a  thin  iron  diaphragm. 
The  upper  disk  is  apertu red  ami  provided  with  a  flexible 
tube  terminating  in  a  mouthpiece.  To  the  center  of  the 
-diaphragm  is  attached  a  stud,  which  is  pivoted  to  the  true- 


fit'oitrirr 

mg  lever*  this  being  futerumed  in  a  rigid  arm  protecting 
downward  from  the  e.  II.  The  free  end  of  the  tracing  lever 
carries  a  fine  cambric  needle,  which  lightly  tom  hen  the  sur¬ 
face  of  the  smoked  glass  when  the  cel!  is  in  the  position 
shown.  The  tracing  lever  is  made  of  a  thin  bar  of  alum¬ 
inum,  which  can  spring  laterally,  hut  which  is  very  rigid  m 
the  direction  of  its  motion. 

When  used,  the  apparatus  is  placed  with  reference  to  the 
lantern  ho  that  the  opening  of  the  wooden  frame  will  come 
within  the  cone  of  light  in  front  of  the  condenser.  The 
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smoked  glass  is  focused  on  the  screen,  the  diaphragm  cell  is 
placed  near  the  wooden  frame  and  held  in  one  hand,  while 
the  mouthpiece  at  the  end  of  the  flexible  tube  is  held  at.  the 
mouth  by  the  other  hand.  Now,  while  a  sound  is  made  in 
the  mouthpiece,  the  diaphragm  cell  is  quickly  but  steadily 
drawn  along,  so  as  to  cause  the  tracing  needle  to  trav¬ 
erse  the  smoked  glass.  A  sinuous  line  will  be  formed 
upon  the  glass,  which  will  be  characteristic  of  the 
sound  uttered,  and  this  line  will  appear  upon  the  screen 
as  it  is  formed.  By  tilting  the  diaphragm  cell,  and  mov¬ 
ing  the  smoked  glass,  and  then  returning  tin4  cell  to  the 
point  of  starting,  the  operation  may  be  repeated.  It  will 
thus  be  seen  that,  by  means  of  this  instrument,  a  sound  may 
be  produced  and  analyzed  at  the  saint'  moment. 

APPARATUS  EUR  COM Pt)U \  I  >1X0  RECTA NOU  I. \R  VIHKATU  >NS. 

The  compound  pendulum  illustrated  by  Fig.  624  has 
advantages  over  those  of  the  usual  form,  in  bring  adapted 
to  the  ordinary  horizontal  lantern  and  in  being  less  cumber¬ 
some  and  more  easily  managed.  Perhaps  the  most  import¬ 
ant  difference  between  this  and  other  instruments  ni  its 
class  lies  in  the  tracing  arm  and  point.  With  this  appa¬ 
ratus  the  beautiful  curves  of  Lissajous  appear  on  the  screen, 
while  the  arm  that  traces  them  is  invisible*.  With  densely 
smoked  glass  this  feature  is  not  so  apparent,  but  when  col¬ 
ored  collodion  tracing  (Urns  are  used,  it  is  a  novel  sight  to 
witness  the  development  of  these  intricate  figures  by  a  piiut 
having  no  apparent  support  or  guide. 

An  apertured  board  having  a  recess  for  receiving  the  pre¬ 
pared  glass  plate  forms  the  body  of  the  apparatus.  This 
board  is  connected  by  an  iron  standard  with  a  base  piece 
which  is  clamped  to  the  lantern  table  in  the  manner  shown. 
To  the  upper  edge  of  the  board  is  secured  an  arm  provided 
with  a  horizontal  stud  upon  which  are  pivoted  two  pendu¬ 
lums.  The  rear  pendulum  is  prolonged  above  its  pivot,  and 
is  provided  with  a  right-angled  arm  projecting  toward  the 
lantern,  parallel  with  the  back  board.  The  upper  end  of 
the  rear  pendulum  is  provided  with  two  or  three  inter¬ 
changeable  weights,  varying  from  two  to  six  pounds,  and 
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the  lower  etui  is  provided  with  a  movable  \vi 
twelve  pounds.  The  front  pendulum  W  suspended  i 
same  pivot,  and  is  a  l^o  furnished  with  a  movable 


Flfi, 


LA  N'T  E  RN  I'KOJ  EC  'TtON. 


I  Jo 


end  an  adjustable  counterbalance  weight.  *Phc*  glass  dish  d 
provided  with  a  small  central  aperture,  in  which  is  inset  ted 
a  fine  needle.  To  the  offset,  bar,  hall  way  between  its  cute 
nection  with  the  pendulum  rod  and  the  needle,  is  pivoted 
a  rod  which  is  pivotally  connected  with  the  horizontal  arm 
of  the  rear  pendulum. 

The  offset:  bar  is  made  of  thin  spring  material,  ami  is 
bent  so  that  the  needle  presses  lightly  upon  the  prepared 
glass  held  in  the  recess  of  the  back  board.  The  prepared 
glass  plate  is  retained  in  the  position  of  use  by  two  spring 
clips  pivoted  to  the  back  board  and  arranged  to  press  upon 
diagonally  opposite  corners  of  the  glass.  The  needle  is  held 
away  from  the  glass  while  starting  the  pendulum,  by  means 
of  a  thread  (not:  shown)  attached  to  the  annular  frame  and 
connected  with  a  fixed  support  in  front  of  the  frame  and 
distant  about  a  foot. 

The  adjustment  of  the  weights  lor  the  different  figures 
is  ascertained  by  experiment,  and  the  position  «>l  the 
weights  is  accurately  indicated  on  the  pendulum  rods.  The 
apparatus  is  placed  in  position  on  the  table,  and  the  lantern 
is  adjusted  to  it. 

The  colored  collodion  for  the  films  is  prepared  by  thin 
ning  ordinary  plain  collodion  with  alcohol  diluted  u  it  It 
water,  then  adding  to  it  an  alcoholic  solution  of  aniline  of 
any  desired  color. 

The  glass  plate  is  prepared  for  use  by  flowing  the  ml 
lodion  over  it  and  allowing  it  to  dry.  If  the  film  proves  too 
hard  and  tough,  it  may  be  modified  by  adding  a  small 
quantity  of  water  to  the  collodion.  This  film  gives  a  uni¬ 
form  tint  on  the  screen,  and  is  dense  enough  ft*  dearly 
show  the  lines  of  the  tracing. 

After  the  tracing  point  has  been  drawn  back  in  the  man¬ 
ner  described,  and  the  prepared  glass  plate  is  in  place,  the 
pendulums  are  drawn  aside  and  the  rear  one  is  released,  A» 
a  certain  phase  of  its  vibration  (which  will  be  determined 
by  experiment)  the  front  pendulum  is  released.  If  the 
needle  describes  the  desired  curve,  the  rimmlrir  trim,,  « . 


KXI'KRI  MKN  i*A £  si  *IK\» ' F. 


I.AN'TKHN'  l*A\  SooRAPfSx 

For  the  production  ol  off-hand  tracings  lor  illustrations, 
especially  during  the  projection  ol  a  series  ol  experiments  or 
pictures,  nothing  can  excel  a  pantograph  adapted  to  the 
lantern,  Two  forms  are  here  shown,  both  ol  which  pro¬ 
duce  figures  on  the  prepared  glass  without  exhibiting  the 
arm  by  which  the  work  is  done. 

The  instrument  shown  in  Fig.  625  is,  perhaps,  hardly  de¬ 
serving  of  the  name  given  to  it,  as  it  is  not  strictly  designed 
for  accurate  copying,  on  account  of  distortion,  but  it  may 
be  used  in  copying  when  a  true  figure  is  not  iinoortant.  It 


mg,  having  around  it  a  rabliet  for  receiving  the  prepared 
glass,  I  his  Irnard  is  adapted  to  the  lantern,  attd  furnished 
with  a  pair  of  small  buttons  for  engaging  diagonally  oppo, 
site  corners  of  the  prepared  glass  and  holding  it  in  place. 
The  tracing  arm  consists  of  a  square  metallic  frame,  con- 
taming  a  glass  plate,  amt  having  at  one  edge  an  arm  carry¬ 
ing  a  tracing  point,  and  provided  at  the  opposite  edge  with 
two  parallel  rods  arranged  to  slide  freely  t hr* nigh  a  block, 
pivoted  to  the  baseboard.  The  center  of  the  glass  in  the 
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frame,  a,  is  perforated  to  receive  a  needle,  r,  which  is  pressed 
forward  toward  the  prepared  glass  by  a  small  spiral  spring, 
as  shown  in  the  sectional  view.  The  needle  thus  supported 
may  be  moved  around  upon  the  prepared  glass  in  any  re¬ 
quired  direction,  and  it  may  be  readily  lifted  from  the  plate 
by  pulling  the  tracing  point  away  from  the  baseboard. 

By  placing  a  design  upon  the  board,  it  may  be  traced 
and  reproduced  upon  the  screen,  and,  if  the  designs  are 
specially  made  so  as  to  compensate  for  distortion,  correct 
tracings  will  be  produced. 

By  means  of  the  pantograph  shown  in  Fig.  626,  anything, 
large  or  small,  may  be  readily  and  correctly  traced.  The 
levers  are  arranged  relatively,  so  as  to  produce  upon  the 
prepared  glass  a  tracing  one-third  of  the  size  of  the  original. 
With  this  pantograph,  writing,  figures,  maps,  diagrams, 
sketches,  etc.,  can  be  made  with  great  facility. 

The  baseboard  of  this  instrument  is  necessarily  somewhat 
cumbersome,  as  provision  must  be  made  for  the  supports  of 
the  pivot  of  the  pantograph,  for  the  prepared  glass,  and  for 
the  design  to  be  traced  or  a  sheet  of  paper  on  which  to 
mark.  The  baseboard  is  adjustable  up  and  down  on  a 
slotted  standard,  and  the  latter  is  provided  with  a  foot, 
which  permits  of  clamping  it  to  the  table. 

The  metallic  frame,  a ,  which  is  attached  to  the  arm,  /», 
contains  a  transparent  plate  of  glass,  having  a  central  per¬ 
foration,  in  v'hich  is  inserted  a  stout  sewing  needle— a  small 
carpet  needle  for  example.  The  bar,  is  pivoted  to  one  end 
of  the  short  metallic  bar,  e,  and  the  opposite  end  of  this  bar, 
r,  is  pivoted  on  a  stud  projecting  from  the  rock  shaft,  d, 
which  can  turn  in  supports  attached  to  the  baseboard. 
Upon  the  same  stud  is  pivoted  a  bar,  //,  which  extends 
parallel  with  the  bar,  //,  and  both  these  bars  are  pivotally 
connected  with  the  bar,  The  lower  end  of  the  bar,  <•’,  is 
provided  with  a  tracing  point,  J\  for  which  a  lead  pencil 
may  be  substituted  when  an  original  design  is  to  be  made. 
The  paper  on  which  the  design  is  drawn  is  attached  by 
drawing  tacks  to  the  lower  part  of  the  baseboard.  The 
rock  shaft,  d,  is  provided  with  a  long  key,  r,  which  extends 
downward,  and  is  pressed  outwardly  bv  a  spring  underneatn 


LANTERN  PROJECTION. 


I33 


from  the  pivotal  connection  of  the  bar,  b',  to  the  tracing  point, 
f,  is  12  inches. 

The  glass  plate  on  which  the  tracing  is  made  is  preferably 
coated  with  collodion  colored  with  aniline.  If  this  is  not 
convenient,  the  glass  may  be  smoked. 

The  needle  is  prevented  from  touching  the  prepared  glass 
by  pressing  upon  the  key,  e,  thus  slightly  twisting  the  entire 
system.  When  the  point  of  starting  is  reached,  the  key,  ey 
is  released,  when  the  spring  under  the  key,  through  the  key, 
rock  shaft,  and  bar,  c,  carries  the  frame,  a ,  forward,  and 
brings  the  tracing  needle  into  contact  with  the  prepared 
glass,  when  the  tracing  begins.  When  it  is  desired  to  inter¬ 
rupt  the  line,  the  key,  e,  is  again  depressed,  when  the  needle 
may  be  moved  to  a  new  position  without  making  a  mark. 

THE  CYCLOIDOTROPE. 

The  novel  and  very  pleasing  and  interesting  lantern  slide 
shown  in  the  annexed  engraving  is  of  English  origin.  The 
inventor,  Mr.  A.  Pumphery,  of  Birmingham,  England,  is  en¬ 
titled  to  much  credit  for  having  produced  a  simple  device 
capable  of  illustrating  on  a  large  scale  the  intricate  opera¬ 
tion  of  engine  engraving. 

The  figures  shown  in  the  smaller  engraving  (Fig.  628) 
were  photo-engraved  directly  from  plates 'traced  in  the  ap¬ 
paratus.  They  show  some  of  the  simpler  forms  of  curves. 
By  changing  the  adjustment  of  the  tracing  needle  or  the 
arms  which  support  and  guide  it,  an  infinite  variety  of 
figures  may  be  produced. 

The  ring,  which  revolves  on  the  plate,  is  recessed  around 
its  inner  edge,  and  lined  with  soft  rubber  for  the  reception 
of  the  glass  disk,  upon  which  the  tracing  is  to  be  made.  The 
glass  is  held  in  place  by  the  pressure  of  two  springs  carry¬ 
ing  rollers  which  bear  upon  the  face  of  the  glass  at  diame¬ 
trically  opposite  points. 

The  face  of  the  ring  has  a  toothed  rim,  which  is  engaged 
by  a  small  pinion  on  the  crank  shaft,  and  the  periphery  of 
the  ring  is  provided  with  202  spur  teeth,  which  engage  a 
pinion  having  33  teeth  and  turning  on  a  stud  projecting  from 
the  base  plate. 
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The  spur  pinion  carries  an  adjustable  crank,  the  pin  of 
winch  turns  in  the  crank  arm,  and  is  apertured  transversely 
to  receive  the  tracing-  rod,  which  may  be  clamped  therein 
by  the  thumb  screw. 

The  tracing  rod  passes  through  a  stud  arranged  to  turn 
in  the  end  of  the  movable  arm  pivoted  to  the  base  plate. 
The  tracing  rod  is  hollow,  and  upon  the  end  which  projects 
over  the  toothed  ring  it  carries  a  curved  spring,  provided  at 

Fig.  628. 


Tracings  produced  by  the  Cycloldotrope. 


its  extremity  with  a  steel  tracing  point.  A  wire  passing 

through  the  hollow  tracing  rod  engages  the  under  side  of 
the  curved  spring,  and  lifts  the  point  from  the  glass. 

The  glass  is  prepared  for  tracing  by  smoking  it  over  a 
candle,  lamp,  or  gas  jet,  or,  better,  by  coaling  it  with  col¬ 
lodion,  to  which  some  aniline  has  been  added  to  give  it  the 
desired  tint. 

The  glass  having  been  secured  in  place  in  the  toothed 
ring  in  the  manner  described,  the  tracing  point  is  let  down 
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upon  the  "'lass  by  drawing  *  nil  tin  win*  in  the  hulhm  t  racing 
rod.  'Fhe  toothed  ring  is  then  totaled  In  means  *  U  the  crank, 
when  a  cycloidal  curve  u  ill  he  Hat  rd  on  the  "lass.  Hv  cun. 
tinned  rotation  the  runes  w  ill  be  duplicated  ;  and  as  the 
number  of  teeth  in  the  periphery  of  the  ring  is  not  an  exart 
multiple  of  the  number  of  teeth  sit  the  pinion,  the  ring  w  ill, 
by  the  differential  movement,  t  ontinuallv  fall  behiml  the 
movements  of  the  pinion  and  f rarer  r.tri  it’d  bv  the  riank  on 
the  pinion,  so  that  a  small  space  is  let!  between  tie*  line  s  of 
success! /e  series.  By  continuing  the  operation  the  lines 
will  intersect,  until  tin  illy  a  f»eautiful,  symmetrical  network 
of  lines  will  be  formed. 

By  clamping1  the  tracing  roil  in  the  crank  pin.  an  apprnxi- 
mutely  true  cycloid  curve  will  be  named  ;  and  by  clamping 
the  tracing  rod  itt  the  st ml  projecting  front  the  adjustable 
arm,  and  allowing  the  crank  pin  to  slide  on  the  rod,  curves 
of  another  kind  will  be  formed.  Moving  the  arm  on  its 
pivot  makes  another  change,  and  the  figure  is  dill  further 
modified  by  changing  the  working  field  ut  the  point  from 
one  edge  of  the  glass  disk  to  the  oilier. 

To  render  the  tracing  still  more  intricate,  oppndte  sides 
of  the  glass  disk  mav  lie  coated  with  collodion  differently 
colored.  For  example,  ml  may  In?  used  up  m  one  side  and 
blue  on  the  other.  The  color  of’  the  g  fount  I  when  projected 
on  the  screen  will  then  Ik*  purple.  When  the  tracing  is  done 
cm  the  blue  side,  red  linen  will  appear  mi  a  purple  ground  ; 
and  when  the  tracing  is  made  on  the  ml  side,  blue  lines  will 
appear  on  the  purple  ground ;  and  where  the  tracings  of 
opposite  sides  of  the  glass  cross  cadi  other,  the  lines  will,  of 
course,  be  white. 

Besides  the  remarkable  effects*  secured  bv  the  use  of  two 
colors,  the  thickness  of  the  glass  which  intervenes  t  retween 
the  two  tracings  produces  11  curious  optica!  illusion  on  the 
screen.  The  tracing  last  made,  if  in  for  us,  appears  to  stand 
out  several  inches  from  the  screen,  amt  seems  to  float  in 
the  air.  Another  interesting  optical  illusion  is  noticed 
when,  after  rather  rapid  rotation,  the  disk  is  stopped.  By 
the  bias  of  the  optic  nerve  the  figures  appear  for  a  moment 
to  turn  backward. 
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is  sprinkled  evenly  over  the  plate  ami  a  violin  U»\v  is  drawn 
over  its  edge.  Damping  the  plate  bv  the  apptieatiou  o{  the 
finders  at  one  or  more  points,  various  svmmetrieal  h litres 
may  be  formed  ;  the  sand  leaving  the  venters  or  places  of 
greatest  vibration  and  piling  up  at  the  nodes  or  places  of 
least  vibration,  as  in  Fig.  ftj«>  Huh  figure  shows  a  glass 
plate  mounted  cm  a  stud  projecting  from  the  c  enter  of  a  thick 
glass  base  plate.  With  tin's  apparatus  t fie  figures  are  formed 
outside  of  the  lantern  and  then  projected  like  any  other 
object. 

In  Fig.  tpo  is  represented  a  device  bv  which  tin*  figures  are 
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formed  in  the  lantern  and  projected  entire.  The  apparatttt 
is  similar  to  that  shown  in  Fig.  ftjtj,  .Several  small  holes  are 
made  in  the  plate  along  the  edge  to  receive  a  hook  attached 
to  a  strong  smooth  cord.  The  cord  h  held  in  the  manner 
indicated  and  rubbed  with  resitted  fingers.  This  product* 
vibrations  sufficient  for  the  production  of  several  of  the 
figures.  The  figures  shown  in  Fig.  ftp  are  produced  bv 
means  of  the  bow  in  the  usual  way,  the  Imiw  living  up* 
plied  at  i\  anti  the  finger  at  ft.  The  black  dots  indicate  the 
points  of  support  of  the  plates. 
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CHAPTER  V. 

M  E  C  II  A  N  I  ('  A  I,  up  K  R  A  TK)  N  S. 

HINTS  ON  GLASS  BLOWING. 

There  are  few  mechanical  operations  requiring  *1  higher 
degree  of  manipulative  skill  than  that  of  glass  bln*  mg.  A 
peculiar  sensitiveness  of  touch  anti  quickness  of  tight  are 
essential.  In  many  instances  whatever  is  done  must  h*  ae» 
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Bending  u  Glaan  Tube. 


complished  almost  instantaneously.  There  is  no  time  for 
deliberation.  The  operator  must  know  exactly  what  to  do, 
and  then,  when  the  conditions  are  favorable,  he  must  do  it 
quickly  and  with  certainty. 

More  can  be  learned  by  watching  an  expert  glass  blower 

for  a  half  hour  than  can  be  acquired  by  reading  the  litera- 
ture  of  the  subject  or  by  days  of  practice.  However,  when 

the  principal  points  are  gained,  practice  will  in  time  lead  to 
proficiency. 

The  bending,  perforating,  and  welding  of  tubes,  the  for¬ 
mation  of  bulbs,  tees,  funnels,  and  jets,  are  among  the  simple 
operations  of  glass  blowing,  with  which  every  worker  in 
physics  or  chemistry  should  acquaint  hi  mself. 


important  requisites  arr  a  gas  blowpipe*  capable  i»t  producing 
brush  ami  pointed  flumes,  a  bellows  for  supplv  mg  air  to  the 
blowpipe,  some  pieces  of  charcoal  or  carbon  bavins*-  pvra 
initial  ends,  corks  of  different  sizes,  and  a  sharp  triangular 

file.  A  stock  of  glass  tuln*s  of  various  size',  will  be  needed. 
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These  should  be  purchased  at  one  place  ami  time,  if  possible, 
to  insure  uniformity  in  quality.  Soil  German  glass  is  the 
most  satisfactory. 

A  small  tube  m  divided  into  lengths  by  fir^t  nicking  it 

with  the  file,  then  grasping  It  in  both  hands,  placing  the 
thumb  nail  against  the  glass  opposite  the  nick,  and  then 
breaking  the  tube  by  such  i-  movement  as  would  lie  required 
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to  bend  the  tube  at  the  nit  k,  if  the  material  were  flexible,  at 
the  same  time  pulling  on  the  tube  in  opjiosite  direct  it  ms. 
The  tube  breaks  otf  squarely. 

A  tube  of  large  diameter  is  divided  by  scratching  it  with 
a  file,  then  cracking  it  by  applying  to  the  scratch  a  smalt 
point  of  hot  glass,  or  by  means  of  a  hot  w  ire  curved  to  partly 
encircle  the  tube. 
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A  small  tube  is  bent  by  heating  it  in  a  brush  flame,  as  in 
Fig.  632,  or  in  an  ordinary  gas  flame,  then  curving  it  as  de¬ 
sired.  One  end  of  the  tube  should  be  corked  before  it  is 
heated.  If  it  is  made  too  hot,  or  heated  unevenly,  it  will  be 
impossible  to  give  it  a  true  curve. 

If  the  tube  becomes  flattened  in  bending,  or  if  the  curve 
is  not  true,  it  may  be  carefully 
reheated  at  defective  points,  and 
corrected  by  bending  or  by  blow¬ 
ing  into  it.  T ubes  are  welded  by 
first  flaring  them  as  shown  in 
Fig-  633,  by  introducing  the  pyr¬ 
amidal  end  of  the  charcoal  or 
carbon  into  the  hot  end  of  the 
tube  and  turning  it,  or  by  turning 
the  tube  on  the  charcoal  with  a  pressure  strong  enough  tO' 
give  the  end  of  the  tube  the  desired  form.  The  flared  ends 
of  the  two  tubes  to  be  welded  are  heated  simultaneously  in 
the  brush  flame  and  joined  while  quite  soft.  A  pointed 
blowpipe  flame  is  used  to  give  the  joint  the  desired  form. 
The  joint  is  made  true  by  constantly  turning  the  tube. 

A  bulb  is  formed  on  a  tube  by  first  heating  it  and  draw- 
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Perforating  a  Tube. 


ing  it  out  as  shown  in  Fig.  6  4,  then  heating  a  short  length 
of  the  tube  within  tapered  end  and  thickening  it  by  pressing 
upon  the  ends  of  the  tube.  Then  another  short  length  is 
heated  and  thickened  in  the  same  way,  and  so  on  until 
enough  material  has  been  accumulated  to  form  a  bulb  of  the 
required  size  and'  thickness.  The  tube  must  be  continually 
turned  during  these  operations  to  cause  it  to  heat  evenly. 


Fig  635. 


Forming  a  Bulb. 


and  if  it  tends  tn  collapse,  it  slam  Id  he  bl»m  u,  I'he  mans  of 
glass  is  now  heated  evenlv  throughout  and  blow  n  until  the 
hull)  is  of  the  required  si/c,  the  rotation  of  the  tu hr  being 
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continually  maintained  to  prevent  the  bulb  from  being  tits 
torted  by  its  own  weight. 

The  blowing  should  hr  accomplished  by  means  cd  a 
series  of  short  puffs,  rather  than  by  one  long  blast, 

Fia,  637a.  A  tube  may  hr  perforated  by  stopping 

the  ends  so  as  to  indose  a  body  of  air, 
then  warming  if  gradually  to  pi  event 
|  breaking,  finally  directing  a  pointed  blow- 
pipe  flame  tqmn  if  wdtrre  the  perforation 
>A  jA  i#  desired,  The  expansion  of  the  air  cum 

|,  I  tained  in  the  tube  will  push  out  the 

’5  b  softened  glass  and  make  the  perforatum. 

j:‘  d  |  ,  When  st  tutu*  h  thick  and  of  very  small 

>  :  |  :  diameter,  the  expansion  of  the  contained 

5  I  *  air  is  insufficient  fur  this  purpose,  and 

*  I  blowing  is  resorted  in, 

a  ‘  Tees  are*  matte  liv  perforating  the  tube 

e.iling in  a  Wirr,  s|tuWn  j,  j|$  Fig,  Cijyt  then  welding  on 

the  branch  as  id  2,  finally  heating  flu*  joint  ho  as  t  1  give  it 
the  form  shown  at  3,  blowing  into  it  occasionally  if  necessary 
to  give  it  the  required  form.  The  ends  of  the  branches  of 
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brush  flame  until  they  begin  to  fuse.  To  prevent  breaking, 
the  glass  should  be  allowed  to  cool  slowly,  while  protected 
from  draughts  of  air. 

To  seal  a  platinum  wire  in  aglass  tube,  the  glass  is  heated 
by  means  of  a  pointed  flame,  at  the  same  time  the  end  of  a 
platinum  wire  is  brought  into  contact  with  the  heated  part. 
The  wire  welds  to  the  glass,  and  when  pulled  away  forms  in 
the  glass  a  small  tubulated  aperture  into  which  the  wire  is 
inserted  (Fig.  637^).  When  the  glass  around  the  wire  is 
heated,  it  becomes  welded  to  the  wire,  thus  forming  a  per¬ 
fectly  sealed  joint.  When  a  particularly  good  job  is 
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CUTTING  GLASS  BOTTLES  ANT)  TUBES. 

It  often  happens  that  a  jar  for  a  battery  or  for  experi¬ 
mental  uses  is  required  when  it  is  inconvenient  to  obtain  it 
from  the  dealer.  Fig.  638  shows  a  simple  way  oi  cutting  off 
glass  bottles  so  that  they  may  be  used  for  jars.  'I' he  method 
consists  in  markimr  one  side  of  the  bottle  at  the  noint  where 


hot  curved  wire,  at  the  same  tune  giving  the  bottle  a  recip- 

*  For  full  information  on  this*  kind  nl  glass  blowing  the  reader  is  referred  to 
“The  Methods  of  Glass  Blowing,"  by  W.  A.  Shensione. 
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rocuting  rotarv  »m*tu»n,  s< »>m  .»  ,  mu  .»ppr,u  ,il  the  fjfg. 

mark,  and  by  ! %  tmtmig  »h»-  ail  i  *  4*  k  nt.i\  lie 

matlr  to  follow  the  wu  '  »* s » *t»#s» I  Ihr  min  <-  *  11 »  i?mSru*tre» 

making  a  suitmth,  t  Iran*  ut-  Is  th*"  **a*U  diould  m*t  ntait 
promptly,  fin*  glass  uu\  !■«*  *«*oird  t*v  blow  ai,?  up»»n  it,  *u  by 
the  application  of  ,1  drop  of  u\»t«  1 ,  n  Isifii  v>  | ^ t * v  »  n tain  to 
start  it  In  the  right  duet  lion,  Laig*-  glass  tube**  may  tie 
cut  I»v  the  Haute  method 

Ill  »W  lM  Si  lit  *  ffi  III  <4. V*s 

T«»  make  a  small  hot-  ut.i  pSat<’  <4  gUv.  ?•»  ,» « Mtuparatively 
simple  ttutfrr.  Ail  t  Is  it  1  >  »rijm»«-d  1  *  4  *  if  r<  .1  uu  hard, 

sharp  drill,  humus  Jot  itumti;*  if,  .»nd  hdn  n  mt,  stick 


u-  « i  * 


as  turjientine,  f*ir  causing  fttr  *1* ill  to  utt  faptdit.  A  tlrill 
made  lit  the  usual  form  f r* »m  sterl  wife  ,mtl  hat  defied  by 
heating  it  until  it  is  dark  ml  ami  thru  plunging  it  in  mer¬ 
cury,  will  be  very  bard,  lint  m»t  tough.  Before  tlir  drill  t* 
heated  it  should  tie  driven  into  4  block  •  *1  lead  *»«»  that  its 
point  will  Just  In*  inclosed  Sir  the  lead,  ami  alter  the  drill 
has  Ikhsu  hardened  tit  the  inert  nrv  its  fwitnt  should  Itr  inserted 
in  the  indentation  in  the  lead,  m  shown  in  Fig,  and  the 
temper  of  the  shank  of  the  tlrill  sin  ml*  I  In*  drawn  over  a 
lamp  or  gas  Hume  to  a  Mite.  The  lead  pt events  the  tlrill 
point  from  becoming  heated  sttflir trolly  to  draw  the  tem» 
per,  by  conducting  the  heat  away  as  fast  it  arrives  at  the 
point.  When  the  shank  «f  the  drill  1st*  omr*  hi  tie  to  within 
a  short  distance  of  the  lead,  the  drill,  together  with  the  lead, 
should  be  plunged  into  cool  water.  Am*t  her  very  gttod 
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way  of  hardening  a  drill  for  perforating  glass  is  to  heat  the 
drill  to  a  dark  red,  then  plunge  it  into  a  strong  solution  of 
zinc  chloride.  This  is  prepared  by  dissolving  zinc  in  muri¬ 
atic  acid.  Zinc  should  be  gradually  added  until  the  action 
ceases. 

The  drill  prepared  in  this  way  should  be  wet  with  tur¬ 
pentine  or  turpentine  and  camphor  while  in  use,  to  cause  it 
to  “  take  hold.”  It  is  advisable  to  drill  from  opposite  sides 
of  the  glass  whenever  this  is  possible.  The  hole  may  be 


Fig.  640. 


Perforating  Glass. 


enlarged  by  means  of  a  sharp  round  file  wet  with  turpen¬ 
tine.  When  larger  holes  are  required,  these  cannot  con¬ 
veniently  be  made  with  a  drill.  A  copper  or  brass  tube 
charged  with  emery  and  water  or  emery  and  turpentine, 
and  rotated  in  contact  with  the  glass,  will  soon  cut  a  hole  a 
little  larger  than  the  tube. 

Simple  ways,  of  guiding  and  revolving  the  tube  are 
shown  in  Fig.  640.  The  glass  to  be  drilled,  which  may  be 
the  plate  of  an  electrical  machine,  for  example,  is  placed 
upon  a  table  with  a  few  thicknesses  of  paper  underneath  its 
center.  Two  blocks  are  placed  on  the  table  at  diametri- 
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callv  opposite  edges  ol  the'  disk,  and  a  thick  bar  < il  wood, 
which  is  bored  at  t he  center  to  receive  the  copper  or  brass 
tube,  is  placed  upon  the  blocks  and  clamped  firmly  to  the 
table.  The  glass  plate  is  arranged  so  that  its  axis  coincides 
with  that  of  the  hole  in  the  bar.  The  plate  is  then  clamped 
in  place  by  gently  inserting  two  wooden  wedges  between 
the  wooden  bar  and  the  glass, 

The  tube  by  which  the  cutting  is  done  is  stopped  by  a 
wooden  plug1  tit  the  middle  of  its  length,  and  in  the  upper 
part  is  inserted  a  soft  rubber  stopper  which  rests  upon  the 
wooden  plug,  also  a  piece  ol  heavy  rubber  tubing  which 
rests  upon  the  stopper.  In  the  rubber  tube  is  inserted  one 
end  of  a  close-fitting  metal  shank,  the  other  end  of  which  is 
fitted  to  an  ordinary  drill  stock.  I  bis  arrangement  pro¬ 
vides  for  a  certain  amount  of  flexibility  in  the  connection 
between  the  tube  ami  the  drill  stock.  The  tube  is  revolved 
by  the  gearing  of  the  drill  stock  while  it  is  supplied  with  a 
mixture  of  No.  4  emery  and  water  or  emery  and  turpentine. 
The  pressure  on  the  drill  stock  should  be  light,  and  the 
tube  must  he  lifted  frequently  to  allow  a  fresh  supplv  ol 
emery  to  reach  the  surface  being  cut.  'Phis  tie  vice  makes  a 
hole  in  the  glass  in  a  short  time. 

If  a  larger  aperture  is  desired,  the  glass  is  first  drilled  in 
the  manner  described,  and  enlarged  by  careful  cutting  with 
a  diamond. 

t.i  ns  Marino, 

To  make  an  ordinary  lens  requires  a  certain  degree  of 

manipulative  skill,  but  when  compared  with  a  fine  job  of 
filing,  fitting,  or  even  turning,  it  is  easy,  and  there  is  a 
charm  about  making  a  nicely  polished  lens  which  is  not 
found  in  metal  working.  The  tyro  should  commence  with 
small  piano  and  double  convex  lenses,  widt  h  he  mav  mount 
singly  or  in  pairs.  After  attaining  a  fair  proficiency  in  mak¬ 
ing  these  he  may  proceed  to  larger  work,  anti  afterward  de¬ 
coupling  study  with  practice  lie  will  he  able  to  make  fine 
work,  such  as  the  achromatic  objectives  of  microscopes  and 
telescopes,  eye-pieces,  lantern  objectives,  etc. 

The  first  thing  to  be  done  in  the  way  of  the  preparation 
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of  tools  for  lens  grinding  is  to  make  gauges  or  patterns  with 
which  to  gauge  the  convexity  of  the  grinding  tools.  These 
may  bo  made  from  pieces  of  sheet  brass  about  one  thirty- 
second  inch  in  thickness,  the  plates  for  gauges  for  convex 
tools  being  chucked  on  a  plane  board  secured  to  the  face 
plate  of  the  lathe,  and  the  circular  aperture  turned  out. 
The  plate  should  be  beveled  each  way  from  the  aperture, 
forming  a  knife  edge,  and  it  should  be  separated  by  a  saw 
into  two  or  four  parts,  according  to  the  size  )f  the  lenses  to 
be  ground,  as  shown  at  i,  Fig.  641  The  radius  of  the  cir¬ 
cle  so  formed  will  be  approximately  the  focus  of  a  double 
convex  of  this  curvature,  and  the  diameter  of  the  circle  is 
approximately  the  focus  of  a  plano-convex  lens  of  the  same 
curvature. 

Gauges  for  conceive  tools  or  concave  lenses  are  made  by 
turning  disks  of  brass  with  V-shaped  edges,  as-  shown  at 
2,  and  an  instrument  for  shaping  small  concave  grind¬ 
ing  tools  is  shown  at  3.  It  consists  of  a  sharpened  steel 
disk  attached  to  or  formed  upon  the  end  of  a  bar,  and 
used  as  a  scraper  for  giving  the  final  shape  to  the  concave 
grinding  tools. 

For  grinding  convex  lenses  it  is  well  to  have  two  con¬ 
cave  tools  like  that  at  4.  This,  as  well  as  other  grinding  tools 
for  small  work,  should  be  made  of  brass.  Drawn  brass  is 
preferable,  as  it  is  usually  better  metal,  and  more  homo¬ 
geneous  than  eastings,  and  needs  no  external  turning. 

Having  determined  on  the  focus  of  the  lens  to  be 
ground,  the  brass  is  chucked  in  the  lathe,  and  hollowed  out 
as  nearly  to  the  correct  form  as  possible,  the  gauge  shown 
in  2  being  used  from  time  to  time  to  determine  when  the 
proper  concavity  is  reached.  The  grinding  tool  is  finally 
scraped  with  the  cutter,  3,  The  counterpart  of  the  con¬ 
cave  tool  at  s  is  now  turned  as  nearly  to  the  gauge  shown 
at  1  as  possible,  and  is  finally  ground  into  the  concave  tool 
with  washed  flour  emery  and  water. 

A  tool  like  that  shown  at  6  is  necessary  for  finishing 
small  lenses.  It  consists  of  a  cylindrical  piece  of  brass  hav¬ 
ing  a  chamber  turned  in  the  end  for  the  reception  of  a  mix¬ 
ture  of  t)U re  hard  beeswax  and  fine  rouire.  This  mixture 
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should  contain  sufficient  rouge  to  make  it  rather  hard,  but. 
not  so  hard  as  not  to  yield  under  strong  pressure. 

The  glass  for  small  lenses  may  be  clipped  from  bits  of 


Fig.  641. 


Tools  for  Grinding  Small  Lenses. 


plate  (crown)  glaSs  and  roughly  shaped  by  means  of  an  ordi¬ 
nary  pair  of  pliers.  It  may  then  be  cemented  with  pitch  to 
the  end  of  a  round  stick,  as  shown  at  7.  The  glass  is  then 
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ground  on  a  common  grindstone  until  it  approximates  the 
required  shape.  It  is  then  ground  with  fine  emery  and 
water  in  one  of  the  concave  brass  tools  until  a  truly  spher¬ 
ical  surface  is  secured.  It  is  then  transferred  to  the  other 
brass  tool,  and  ground  with  fine  washed  flour  emery  until 
the  surface  is  fine  and  entirely  free  from  scratches.  During 
the  grinding  as  well  as  polishing,  the  stick  to  which  the 
glass  is  cemented  must  be  turned  axially,  and  at  the  same 
time  its  outer  end  must  be  moved  about  the  prolongation 
of  the  axis  of  thegrinding  tool  so  as  to  present  the  glass  to 
every  portion  of  the  grinding  tool  as  nearly  as  possible. 

The  final  polish  is  secured  by  pressing  the  smoothed 
glass  into  the  wax  in  the  end  of  the  tool  shown  at  6  as  the 
tool  is  revolved,  and  at  the  same  time  applying  fine  rouge 
and  water  from  time  to  time.  When  the  polish  is  nearly 
perfect,  the  tool  should  be  allowed  to  work  nearly  dry. 

For  a  plano-convex  lens  the  plane  surface  of  the  plate 
glass  will  answer  very  well  for  the-  plane  surface  of  the  lens, 
and  the  glass  will  be  ground  down  as  shown  at  8.  If  the 
lens  is  to  be  double  convex,  the  finished  spherical  surface 
should  be  cemented  to  the  end  of  the  stick,  and  the  opposite 
side  proceeded  with  as  before  described.  There  are  two 
methods  of  finishing  the  edges  of  plano-convex  lenses  :  first, 
by  holding  the  plane  surface  in  a  concave  tool  charged  with 
emery  and  water  until  the  edge  is  beveled  to  the  required 
degree ;  and  second,  by  chucking  the  lens  on  the  end  (if  a 
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a  wooden  box  supported  by  a  curved  arm  inserted  in  the  tool 
rest  support.  A  vertical  journal  box  passes  through  the 
bottom  of  the  box,  and  contains  a  shaft  having  upon  its 
upper  end  a  socket  for  receiving  the  grinding  tool,  and  on 
the  lower  end  a  grooved  wheel  surrounded  by  a  rubber  fric¬ 
tion  band,  which  is  revolved  by  contact  with  the  face  plate 
of  the  lathe.  The  speed  of  the  wheel  relatively  to  that  of  the 


Fig.  642. 


Lens-grinding  Attachment  for  Foot  Lathes. 

lathe  may  be  varied  by  raising  or  lowering  the  shaft  by  rais¬ 
ing  or  lowering  the  box  support  in  the  tool  post. 

The  glass  to  be  ground  is  cemented  to  the  face  of  a 
flanged  casting  as  shown  at  9,  and  is  held  down  to  the  grind¬ 
ing  tool  by  the  lever  attached  to  the  box.  The  tool  for  large 
work  may  be  made  of  cast  iron.  The  center  of  the  lens 
should  be  eccentric  to  the  center  of  the  grinding  tool,  so  that 
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the  Ions  will  bo  revolved  mi  the  face  of  the  r « T  1  lu  p< »int 
projecting  from  the  lover  enters  a  small  eavit \  in  the  center 
of  the  easting,  to  which  the  lens  is  attached,  and  instil rs  an 
equal  distribution  of  pressure  over  the  entire  surlace  o{ 
the  lens. 

Grinding  and  finishing  a  large  lens  is  substant ially  the 
same  as  in  the  ease  of  the  smaller  ones,  the  only  difference 
bein g  in  the  method  of  tjfi \*i uuf  the  final  polish.  In  the  case 
of  a  large  lens,  after  the  line  grinding,  the  tool  is  heated, 
covered  with  a  thin  coating  of  pitch,  and  a  piece  of  thin 
broadcloth  is  pressed  down  on  the  pitch.  This  bioadrluth 
surface  is  charged  with  line  rouge  and  water,  ami  the  lens  is 
pressed  down  on  it  with  considerable  force  as  the  tool  is  re¬ 
volved.  The  cloth  should  be  wot  ked  rather  dry,  and  so 
much  so  at  the  end  of  the  process  as  to  oiler  e< msitiet able 
resistance  to  the  rotation  of  the  tool, 

StMt’I.K  t’RO.T.SS  OF  KNfiUAVtNU;  Cl. ASS  AN t *  Ml  I  At  S, 

There  are  very  many  applications  for  an  inexpensive  and 
effectual  met  hod  of  etching  or  engra\  mg  glass  in  van  ions 
forms,  plain  and  plated  metals,  enameled  surfaces,  puttm  v, 
etc.  Of  all  existing  processes  lor  act'  miplishing  this  work, 
the  sand  blast  is  undoubtedly  capable  of  t be  most  univn sal 
applicat ion.  In  point  of  effect  ivenrss  ami  in  general  use¬ 
fulness  it  limy  never  be  surpassed,  or  e\«*n  equaled  ;  \  rt  a 
substitute  for  it,  even  though  incapable  of  as  extended 
application,  will  find  uses  in  the-  arts,  mid  will  doubtless  be 
appreciated  by  amateurs. 

Such  a  process  is  illustrated  bv  Figs.  04  $  and  The 

requisites  for  carrying  out  the  process  in  its  simplest  lot  in 

are;  A  pound  of  coarse  emery,  a  pou  d  *•!  lead  shut,  a 
wooden  box  to  or  12  inches  long  (a  cigar  bos;  wilt  atssmei 
for  the  experiment),  some  pieces  uf  glass  ur  metal,  and  some 
paper  patterns  or  stencils.  The  box  is  piovidrd  with  1%  %  tip 
at  the  bark  and  a  sliding  clamp  at  the  front  fur  holding  the 
pliitc  to  he  engraved,  and  it  may  with  advantage  be  Ini- 
nished  with  a  clamping  device  of  the  same  sor  t  at  the  uppri 
end.  The  lid  of  the  box  must  be  provided  with  a  parking 
strip  of  thick  doth  or  felt,  to  prevent  the  loss  uf  rntrrv. 
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Fig.  643. 


Simple  Method  of  Engraving  Glass  and  Metals. 


The  glass  or  metal  to  be  engraved  is  cleaned  thoroughly, 
And  to  secure  the  best  effects  it  should  be  polished.  A 
paper  stencil  of  the  desired  form  is  fastened  to  the  glass  or 
metal  plate  by  means  of  mucilage  of  good  quality.  The 
pattern  should  be  made  of  thick  writing  paper,  and  care 
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should  be  taken  to  see  that  every  part  of  the  paper  is 
thoroughly  attached  to  the  plate.  Any  gum  around  the 
edges  of  the  paper  should  be  removed  bv  means  of  a  mot, 4 
sponge.  The  exposed  parts  of  the  plate  must  be  perfectly 
clean  and  free  from  streaks,  otherwise  there  will  lie  unde, 
sirable  markings  on  the  finished  work, 
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When  metal  plates  are  to  be  engraved,  they  should  t><& 
well  polished  before  applying  the  stencil,  to  secure  goo<d 
contrasts.  For  coarse  stencils  and  rough  work,  the  shot 
should  be  large  and  the  emery  coarse,  but  for  fine  work 
moderately  fine  shot  and  finer  emery  are  required. 

After  the  plates  to  be  engraved  are  placed  in  the  bo^c^ 
the  shot  and  the  emery  are  poured  in,  the  box  is  closed 
and  the  lid  fastened,  when  the  box  is  shaken  violently  end¬ 
wise,  causing  the  shot  and  emery  to  strike  the  plates  at: 
opposite  ends  of  the  box  in  alternation.  The  shot,  in  th.o 
operation  of  driving  the  particles  of  emery  against  the: 
plates,  become  charged  with  particles  of  emery,  as  shown! 
in  Fig.  644. 

The  emery  becomes  so  embedded  in  the  shot  as  to 
be  permanent,  and  a  number  of  shot  thus  armed,  together 
with  loose  emery,  soon  abrade  the  surface  of  the  metal 
or  glass  wherever  it  is  unprotected  by  the  paper,  and 
produce  a  fine  matted  surface,  which  contrasts  strongly 
with  the  polished  parts  of  the  surface  protected  by  the 
paper.  After  roughening  the  unprotected  parts  of  the 
plate,  the  paper  stencil  is  soaked  off  and  the  plate  is 
dried,  and  in  case  it  is  metal,  it  is  lacquered. 

Symmetrical  stencils,  which  answer  a  very  good  pur-* 
pose,  may  be  made  by  cutting  paper  folded  in  various 
ways.  Lace  may  be  employed  as  a  stencil,  and  where  only 
slight  etching  or  engraving  is  required,  the  pattern  may, 
be  produced  in  varnish. 

To  adapt  'this  method  to  engraving  articles  having 
curved  or  irregular  surfaces,  the  box  is  left  open  at  the 
lower  end  and  provided  with  a  flexible  sleeve  of  soft  rub¬ 
ber. 

The  articles  to  be  engraved  are  held  against  the 
sleeve  by  leather  straps.  Designs  of  various  kinds  may  in 
this  way  be  permanently  delineated  upon  the  glass  and 
metal  ware,  and  upon  small  panes  of  glass  for  ornamental 
windows,  for  lamp  shades,  etc.  Mirrors  may  be  provided 
around  their  edges  with  leaves  and  flowers,  and  metal  pan¬ 
els  may  be  prepared  for  various  kinds  of  ornamental  metal, 
work. 
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In  making  this  lathe  one  pattern  only  will  be  required  for 
the  two  standards  of  the  head  stock,  and  the  support  of  the 
ends  of  the  bars.  The  lower  part  of  the  tail  stock  is  made 
in  two  parts,  so  that  they  may  be  clamped  tightly  together 
on  the  rods  by  means  of  the  bolt  passing  through  both  parts, 
and  provided  with  a  nut  having  a  lever  handle.  The  rest 
support  is  also  made  in  two  parts,  clamped  together  on  the 
rods  in  a  similar  way. 

The  patterns  may  be  easily  sawed  from  inch  pine. 
The  holes  that  receive  the  round  bars  should  be  chambered 
to  receive  Babbitt  metal,  used  in  making  the  fit  around  the 
rods  forming  the  lathe  bed,  around  the  head  and  tail  spindles, 
and  around  the  shank  of  the  tool  rest.  The  smallest  diameter 
of  the  holes  that  receive  the  round  bars  should  be  a  little 
less  than  that  of  the  bars,  so  that  the  several  pieces  that  are 
placed  on  the  bars  may  be  fitted  to  hold  them  in  place  while 
the  Babbitt  metal  is  poured  in. 

The  dimensions  of  the  lathe  are  as  follows : 

Length  of  round  bars  forming  shears,  24  inches  ;  diameter 
of  bars,  1  inch  ;  distance  from  the  upper  side  of  upper  bar  to 
center  of  spindle,  3  inches ;  between  bars,  £  inch  ;  between 
standards  that  support  the  mandrel,  3$  inches ;  size  of  stand¬ 
ard  above  shears,  £xi^  inches;  diameter  of  head  and  tail 
spindles,  £  inches ;  diameter  of  pulleys,  5  inches,  3^  inches, 
and  2  inches ;  width  of  base  of  standards,  5  inches  ;  height  of 
standards,  7  inches. 

The  mandrel  should  be  enlarged  at  the  face  plate  end, 
and  tapered  at  both  ends,  as  indicated  in  the  engraving. 

The  pulleys,  which  are  of  hard  wood,  are  made  of  three 
pieces  glued  together,  bored,  and  driven  on  the  mandrel, 
secured  by  a  pin  passing  through  the  mandrel.  The  pul¬ 
ley  is  turned  and  grooved  to  receive  a  round  belt.  The  rods 
forming  the  bed  ma}7  be  either  cold-rolled  iron  or  round  ma¬ 
chinery  steel;  they  w.Ml  require  no  labor,  except  perhaps 
squaring  up  at  the  ends.  The  castings  having  been  fitted  to 
the  bars,  and  provided  with  set  screws  for  clamping  them, 
the  two  standards  that  support  the  mandrel  and  the  support 
for  the  opposite  end  of  the  bars  are  put  in  position,  when 
the  bars  are  made  truly  parallel,  and  a  little  clay  or  putty 
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is  placed  around  each  bar  and  over  the  annular  cavity  that 
surrounds  it,  and  is  formed  into  a  spout  or  lip  at  the  upper 
side  to  facilitate  the  pouring  of  Babbitt  metal.  The  metal 
must  be  quite  hot  when  poured,  so  that  it  will  run  sharp 
and  fill  the  cavity.  To  guard  against  a  possible  difficulty  in 
removing  the  castings  from  the  bars,  the  side  of  the  bar 
next  the  screw  is  covered  with  a  thin  piece  of  paper. 

The  pieces  of  the  tail  stock  and  tool  rest  support  are 
fitted  to  the  bars  by  means  of  Babbitt  metal,  the  metal 
being  poured  first  in  one  half  and  then  in  the  other.  The 
bolts  which  clamp  the  two  parts  of  the  rest  support  and  tail 
stock  together  are  provided  with  lever  handles.  After  fit¬ 
ting  the  parts  to  the  two  bars  by  means  of  Babbitt  metai, 
the  tail  spindle,  which  is  threaded  for  half  its  length,  is 
placed  in  the  tail  stock  parallel  -with  the  bars  and  Babbitted. 
A  binding  screw  is  provided  for  clamping  the  tail  spindle, 
and  the  spindle  is  drilled  at  one  end  to  receive  the  center,, 
and  has  at  the  other  end  a  crank  for  operating  it. 

A  steel  or  bronze  button  is  placed  in  the  hole  in  the 
standard  that  supports  the  smaller  end  of  the  live  spindle, 
and  the  spindle  is  supported  in  its  working  position  and 
Babbitted. 

The  thread  on  the  spindle  should  be  rather  coarse,  so 
that  wooden  or  type  metal  face  plates  and  chucks  may  be 
used. 

The  table  shown  in  Fig.  647  is  simple  and  inexpensive. 
It  consists  of  two  pairs  of  crossed  legs  halved  together  and 
secured  to  a  plank  top.  A  small  rod  passes  through  the 
rear  legs  near  their  lower  ends,  and  also  through  a  piece  of 
gas  pipe  placed  between  the  legs.  A  diagonal  brace  is 
secured  to  the  top  near  one  end,  and  is  fastened  to  the  lower 
end  of  the  rear  leg  at  the  other  end  of  the  table. 

A  block  is  secured  to  each  pair  of  legs  for  supporting  a 
pair  of  ordinary  grindstone  rollers,  which  form  a  bearing 
for  the  balance  wheel  shaft.  This  shaft  has  formed  in  it 
two  cranks,  and  it  carries  an  ordinary  balance  wheel, 
to  the  side  of  which  is  secured  by  means  of  hook  bolts  a 
grooved  wooden  rim  for  receiving  the  driving  belt. 

The  cranks  are  connected,  by  means  of  hooks  of  ordi- 
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nary  round  iron,  with  a  treadle  that  is  pivoted  on  the  gas 
pipe  at  the  rear  of  the  table.  The  shaft  will  work  toler¬ 
ably  well,  even  if  it  is  not  turned. 


The  size  of  the  different  diameters  of  the  drive  wheel 
may  be  found  by  turning  the  larger  one  first  and  the  smaller 
ones  afterward,  using  the  belt  to  determine  when  the  proper 
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size  is  reached  The  wooden  rim  may  he  turned  nil  in  posi- 
tion  bj'  using  a  pointed  tool. 

The  lathe  above  described,  although  very  easily  made 
and  inexpensive,  will  he  found  to  serve  an  excellent  purpose 
for  all  kinds  of  hand  work,  drilling,  polishing,  lens  making, 
wood  and  brass  turning ;  also  (or  use  in  many  experiments 
involving  rotary  motion. 

TKMPKKINO  DRILLS. 

A  very  simple  and  effective  method  of  hardening  and 
tempering  small  drills  inch  in  diameter  and  under  is  illus- 
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tratecl  in  Fig.  648.  It  consists  in  heating  the  drill  to  a  cherry 
red,  and  immediately  [dunging  it  into  a  hall  oi  beeswax. 
This  operation  will  give  the  drill  the  proper  temper  for  all 
ordinary  work,  and  will  leave  it  tough  and  strong. 

KNURLINO. 

It  is  often  desirable  to  knurl  or  mill  the  edge  of  a  screw 
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forth  under  a  millfilc  as  shown  in  Fig'.  64c).  The  low  or  edge 
of  the  screw  head  should  roll  upon  hard  wood. 

WIRE  APPARATUS  EOR  LABORATORY  USE. 

Before  the  year  135 1  everything  known  as  wire  was 
hammered  out  by  hand,  but  at  that  date  or  thereabout  the 
art  of  wire  drawing  was  invented.  Since  th  n  the  art  has 
been  developed  and  expanded,  so  that  at  the  present  time 
wire  drawing  is  one  ol  the  leading  industries,  and  we  have 
wire  of  every  size  and  shape  made  from  all  of  the  ductile 
metals,  and  used  in  an  infinite  number  of  ways. 

Several  new  as  well  as  some  well  known  forms  t  >1  labor¬ 
atory  appliances  made  ol  wire  are  shown  in  Fig-s.  650.  051, 
and  652.  The  few  examples  ol  wire  apparatus  fur  the  labor¬ 
atory  given  in  the  engraving  will  not  only  be  found  useful, 
but  will  prove  suggestive  of  other  things  equally  as  good. 
Wire  is  invaluable  for  these  and  kindred  purposes. 

Pieces  of  apparatus  may  often  be  made  in  the  time  that 
would  be  required  to  order  or  send  for  them,  thus  saving  a 
great  deal  of  time,  to  say  nothing  of  expense,  which  is  no 
inconsiderable  item  in  matters  of  this  sort. 

It  is  perhaps  unnecessary  to  describe  fully  in  detail  each 
article  represented  in  the  engraving,  as  an  explanation  of  the 
manipulations  required  in  forming  a  single  piece  will  apply 
to  many  of  the  others. 

For  most  of  the  apparatus  shown,  some  practically*  unox- 
iclable  wire  should  be  selected,  such  as  brass  or  tinned  iron, 
and  the  tools  for  forming  these  articles  of  wire  consist  of  a 
pair  of  cut  twig  pliers,  a  pair  of  flat  and  a  pair  of  round-nosed 
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shown  at  2  and  14.  These  tongs  are  made  by  first  winding 
the  wire  of  one  half  around  the  wire  of  the  other  half  to  form 
the  joint,  then  bending  each  part  at  right  angles,  forming  on 
one  end  of  each  half  a  handle,  and  upon  the  other  end  a  ring, 
T3y  changing  the  form  of  the  ring  end  the  tongs  are  adapted 
to  handling  crucibles  and  cupels  and  other  things  in  a 
muffle. 

No.  3  shows  a  pair  of  spring  tongs,  the  construction  of 
which  will  be  fully  understood  without  explanation.  It  may 
be  said,  however,  that  the  circular  spring  at  the  handle  end 
is  formed  by  wrapping  the  wire  around  any  round  object 
held  in  the  vise ;  the  rings  at  the  opposite  end  are  formed  in 
the  same  way.  The  best  way  to  form  good  curves  in 
the  wires  is  to  bend-  them  around  in  some  suitable  mandrel 
or  form. 

No.  4  shows  a  spring  clamp  for  holding  work  to  be  sol¬ 
dered  or  cemented.  It  may  also  be  used  as  a  pinch  cock. 

No.  5  represents  a  pair  of  tweezers,  which  should  be  made 
of  good  spring  wire  flattened  at  the  ends. 

No.  6  is  a  clamp  for  mounting  microscope  slides  and  for 
holding  small  objects  to  be  cemented  or  soldered. 

No.  7  is  a  pinch  cock  for  rubber  tubing ;  its  normal  posi¬ 
tion  is  closed,  as  in  the  engraving,  but  the  end,  a ,  is  capable 
of  engaging  the  loop,  b ,  so  as  to  hold  the  pinch  cock  open. 

No.  8  shows  a  clamp  or  pinch  cock  having  a  wire,  r, 
hooked  into  an  eye  in  one  side,  and  extending  through  an 
eye  formed  in  the  other  side.  This  wire  is  bent  at  right 
angles  at  its  outer  end  to  engage  a  spiral,  d,  placed  on  it  and 
acting  as  a  screw.  The  open  spiral  is  readity  formed  by 
wrapping  two  wires  parallel  to  each  other  on  the  same  man¬ 
drel,  and  then  unscrewing  one  from  .the  other.  The  handle 
will  of  course  be  formed  by  aid  of  pliers. 

No.  9  is  still  another  form  of  pinch  cock.  It  is  provided 
with  two  thumb  pieces,  which  &re  pressed  when  it  is  desired 
to  open  th$  jaws. 

No.  10  is  a  tripod  stand,  formed  by  twisting  three  wires 
together.  This  stand  is  used  for  supporting  various  articles, 
such  as  a  sand  bath  or  evaporating  dish,  over  a  gas  flame.  It 
is  also  useful  in  supporting  charcoal  in  blowpipe  work. 
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No.  ii  shows  a  stand  adjustable  as  to  height  for  support¬ 
ing  the  beak  of  a  retort,  or  for  holding  glass  conducting  or 
condensing  tubes  in  an  inclined  position. 

The  retort  or  filter  stand,  represented  at  12,  is  shown 
clearly  enough  to  require  no  explanation.  Should  the  fric¬ 
tion  of  the  spiral  on  the  standard  ever  become  so  slight  as  to 
permit  the  rings  to  slip  down,  the  spirals  may  be  bent  later¬ 
ally,  so  as  to  spring  tightly  against  the  standard. 

No.  13  shows  an  adjustable  test  tube  holder,  adapted  to 
the  standard  shown  at  12,  and  capable  of  being  turned  on  a. 
peculiar  joint,  so  as  to  place  the  tube  in  any  desired  angle- 
The  holder  consists  of  a  pair  of  spring  tongs,  having  eyes  for 
receiving  the  notched  cork,  as  shown  at  14.  One  arm  of  the 
tongs  is  corrugated  to  retain  the  clamping  ring  in  any  posi¬ 
tion  along  the  length  of  the  tongs.  The  construction  of  the 
joint  by  which  the  tongs  are  supported  from  the  slide  on  the 
standard  is  clearly  shown  at  130.  It  consists  of  two  spirals, 
g,  h,  the  spiral,  h,  being  made  larger  than  the  spiral,  g,  and 
screwed  over  it,  as  shown  at  13.  This  holder  is  very  light, 
strong,  and  convenient. 

No.  15  represents  a  holder  for  a  magnifier,  which  has  a. 
joint,  fx,  similar  to  the  one  just  described.  The  slide, 
is  formed  of  a  spiral  bent  at  right  angles  and  offset  to  ad¬ 
mit  of  the  two  straight  wires  passing  each  other.  This 
holder  may  be  used  to  advantage  by  engravers  and  draughts¬ 
men. 

No.  16  shows  a  holder  for  a  microscope  condenser,  the- 
difference  between  this  and  15  being  that  the  ring  is  made 
double  to  receive  an  unmounted  lens. 

No.  17  shows  a  Bunsen  burner,  formed  of  a  common, 
burner,  having  a  surrounding  tube  made  of  wire  wound  in  a. 
spiral,  and  drawn  apart  near  the  top  of  the  burner  to  admit 
the  air,  which  mingles  with  the  gas  before  it  is  consumed  at 
the  upper  end  of  the  spiral. 

No.  18  represents  a  connector  for  electrical  wires,  which, 
explains  itself.  The  part  with  a  double  loop  may  be  attached 
to  a  fixed  object  by  means  of  a  screw.  Another  electrical 
connector  is  shown  at  19,  one  part  of  which  consists  of  a. 
spiral  having  an  eye  formed  at  each  end  for  receiving  the- 


KXI'l  KtMI  N  f  AI.  m  tl  Ni  I  . 


lt>0 

screws  which  fasten  it  to  its  suppoit  ;  the  other  part  is  simply 
a  straight  wire  having  an  eye  at  one  end.  Hu-  cniinrctum 
is  made  by  inserting  the  straight  rml  in  the  spun!.  To  in- 
crease  the  friction  of  the  two  parts,  either  of  them  may  be 
curved  more  or  less. 

A  microscope  stand  is  shown  at  its.  The  magnifier  is 
supported  in  the  ring,  e,  The  ring,  /*,  supports  the  slide,  and 
the  double  ring,  #/,  receives  a  piece  ut  looking  glass  or  polished 
metal,  which  serves  as  a  reflector. 

No.  2t  shows  a  set  o!  aluminum  grain  weights  in  common 
use.  The  straight  wire  is  a  tine  gtain  weight,  the  one  with 
a  single  bend  is  a  two-gtuiu  weight,  the  one  having  two 
bends  and  forming  a  triangle  is  a  three  grain  w  eight,  anti 
so  on. 

Nos.  22  and  23  are  articles  now  literally  turned  out  by  the 
million.  It  is  a  great  convenience  to  have  one  of  these  incx- 
pensive  little  corkscrews  in  even  rotk  that  is  draw  n  occa¬ 
sionally,  thus  saving  the  trouble  of  frequently  inserting  ami 
removing  the  corkscrew. 

The  cork  puller  shown  at  24  is  old  and  well  known,  but 
none  the  less  useful  for  removing  mirks  that  have  been 
pushed  into  the  bottle,  am!  fur  holding  a  rltiffi  or  sponge  for 
cleaning  tubes,  flasks,  etc, 

No,  25  shows  a  stand  for  test  tidies.  The  w  ire  is  formed 
into  series  of  loops  and  twisted  together  at  r  to  fortii  legs, 
A  very  useful  support  for  flexible  tufirs  is  shown  at  20.  It 
consists  of  a  wire  formed  into  a  loop,  ami  having  its  ends 
bent  in  opposite  directions  to  form  spirals,  A  ntlibn  tube 
supported  by  this  device  cannot  brwl  so  short  as  to  injure  it. 

Most  of  the  articles  described  al«»vr  may  l*r  made  to  the 
best  advantage  from  tinned  w  ire,  as  it  possesses  sufficient 
stiffness  to  spring  well,  and  at  the  same  time  is  not  so  stiff  as 
to  prevent  it  from  being  bent  into  almost  any  desired  form. 
Besides  this  the  tin  coating  protects  the  w  ire  from  conoshm 
and  gives  it  a  good  appearance, 

CORK  ftciRPti, 

An  effective  cork  borer  can  be  made  bv  forming  a  in  be  of 
tin,  allowing  the  edges  to  abut,  anti  sharpening  the  ends  of 
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long,  7  inches  wide  at  the  middle,  and  tapering  to  2  inches 
at  the  ends ;  two  disks  of  elastic  rubber,  each  1 1  inches  in 
diameter  and  inch  thick ;  one  small  scoop  net ;  3  inches 
of  |  brass  tubing ;  three  small  hinges ;  a  spiral  bed  spring, 
and  two  iron  straps. 

The  10  x  11  inch  boards  are  rounded  at  the  ends,  as 
shown  at  1  and  2,  Fig.  654,  and  their  square  ends  are  con¬ 
nected  together  by  the  hinges  as  shown  at  4.  A  hole  is 
made  in  the  lower  board  near  the  hinged  end  and  covered 

Fig.  654. 


Blowpipe  Bellows. 


by  the  valve  shown  at  3.  The  valve  consists  oi  a  soft 
piece  of  leather,  having  attached  to  it  two  wooden  blocks, 
one  of  which  is  fastened  to  the  board  in  position  to  hold 
the  other  in  the  position  of  use.  These  blocks  are  beveled 
so  as  to  give  the  valve  sufficient  lift  and  at  the  same  time 
limit  its  upward  motion.  The  circular  board  has  a  groove 
turned  in  its  edge,  and  in  a  hole  formed  in  its  edge  is  in¬ 
serted  the  brass  tube.  A  hole  is  bored  into  the  top  of  the 
circular  board,  which  communicates  with  the  inner  end  of 
the  brass  tube,  and  a  series  of  holes  are  made  in  the  cir- 
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cular  board,  which  also  passes  through  the  upper  board  of 
the  bellows.  Over  these  holes  is  placed  a  strip  of  soft, 
close-grained  leather,  which  is  secured  by  nailing  at  the 
ends.  This  leather  strip  forms  the  upper  valve. 

I'he  bed  spring  is  .secured  to  the  upper  and  lower 
boards,  and  the  bellows  is  ready  to  receive  its  covering. 
The  spring,  the  hinges,  and  the  valves  should  be  secured 
with  great:  care,  as  they  arc  inaccessible  when  the  leather 
covering  and  the  rubber  disks  are  in  place.  The  boards 
are  closed  together,  reducing  the  space  between  them  to 
about  5 A  inches.  They  are  held  in  this  position  in  any 
convenient  way  until  the  cover  is  attached.  The  leather 
covering  is  glued,  and  tacked  at  frequent  intervals.  The 
leather  is  carried  around  the  corner  and  over  the  hinged 
ends  of  the  boards.  An  additional  piece  of  leather  is  glued 
over  the  hinged  end,  and  a  narrow  strip  of  leather  is  glued 
to  the  edges  of  the  boards  to  cover  the  tacks  and  the 
edges  of  the  leather  covering.  The  job  will  be  somewhat, 
neater  if  the  edges  of  the  boards  are  rabbeted  to  receive 
the  edge  of  the  covering  and  the  tacks. 

The  rubber  disks  are  stretched  over  the  circular  board 
and  secured  by  a  strong  cord  tied  over  the  rubber  and  in 
the  groove  in  the  edge,  of  the  hoard.  The  net  is  after¬ 
ward  secured  in  place  in  the  same  way.  The  net  should 
he  so  loose  as  to  allow  the  rubber,  when  inflated,  to  assume 
a  hemispherical  form,  as  shown  at  5.  A  cleat  is  attached  by 
screws  to  the  hinged  end  of  the  lower  board,  and  a  straight 
iron  st raj)  is  attached  to  the  rounded  end  of  the  same 
board.  The  corresponding  end  of  the  upper  board  is  pro¬ 
vided  with  an  offset  iron  bar,  upon  which  the  foot  is  placed 
when  the  bellows  is  used.  The  hole  closed  by  the  lower 
valve  is  covered  by  a  piece  of  fine  wire  gauze  tacked  to  the 
under  surface  of  the  lower  board  to  prevent  the  entrance 
of  lint  and  dust. 

The  blowpipe,  which  is  connected  with  the  brass  tube  of 
the  bellows  by  means  of  a  rubber  pipe,  is  shown  in  section 
in  the  upper  part  ol  Fig.  656,  It  consists  of  two  pipes 
attached  to  each  other  and  adapted  to  receive  the  rubbei 
pipe  connections  at  one  end.  At  the  opposite  end  they 
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are  arranged  t  om  cnh  »  .dl\ ,  thr  n  fm  *•  <  >l  thr  sni.dle!  pipe 
-—•wliieh  ret  fives  cl?r  »is?  1«-iici  n-dmr.i  •  •  g  *»!  fj?t  inch. 
The  outer  and  larger  pipe.  uhnh  srunn  tin-  gas,  is  pm. 
vulftl  with  a  staling  ft- *//!r.  In  mr.iir.  »4  «hn  Is  tlir  tl»m  of 
gas  ran  he  easilv  llir  mlrui.il  dtuiurfrt  «»i  t hr 

.smaller  eml  *4  the  m*//Sr  is  «»u«*  «p»a»trf  m.  h.  I'l?r%r  dmirtr 
sinus  are  correct  «mh  t»»i-  i  l»!«m  p»j»v  fin  small  and  nsrdtum 
work,  /.  r »  for  brazing  or  soldm  mg  t  h  -  .n  --i  a,***  m  *  »i  k  done 
in  the  making  of  phvshal  iiisinuiu-nis ,  melting  tun  nr 
three  ounces  uf  gold,  sit\  rt ,  ia  as-.,  4 Ji* I  -thri  iiirl.ils  ,  and 
fur  forging  ami  tempering  t»*oh  and  sm.*d  ,»i  tu  !*•*»  » »t  sire  I, 
and  fur  glass  blowing  <»n  a  small  •*»  air 

The  gas  is  taken  ln»m  .Hi  »»i dmai  I  tixina  h%  mean*.  * *1  a 
rubber  tube,  the  supply  bring  t*  gul.itrd  oiiitdv  bv  the 
movable  no//tr  nf  the  blowpipe,  1  hr  * >i  thr  blast 

varies  with  tin'  manner  m  whit  li  t Is r  !«-!!» m  r-.  sprinted, 

t  5-.  ('M 


One  of  the  I  rest  supports  to?  a*  iu  Ir  s  t*«  s«*  ?  »*  »»y  sol* 

dered  is  a  brick,  of  piinmr  stntir.  It  heat s  ipm  kh  ,  is  very 

refractory,  it  admits  of  srettrtttg  the  «-»*k  In  t.t*  is  »tr  nails 
driven  into  it,  It  lias  the  fiiftlin  adt  auiage  «*i  Itrinjg  in® 
combustible,  The  work  to  lir  Iira/nl  or  soldri  cd  must  lie 
well  fitted,  #.  e.,  there  must  lir  a  goi«|  t  twfwrru  the 

abutting  or  overlapping  edges,  and  the  14*111*1*  t  mmt 

be  well  painted  with  »i  cream  formed  by  grinding  I  torn* 

with  u  few  drops  **{  water  on  *1  slate  f.Ttg,  «*%%u  When 
necessary,  the  work  may  be  held  iugrilirt  bv  .111  iron 
binding  wire.  Hie  solder  is  toatrd  with  flir  tw»ra*  cream 

before  it  is  applied  to  tlir  punt.  Foi  m*mt  work  silver 
Holder  is  preferred,  as  if  is  vrrv  strong,  liring  Iwitli  due* 
tilt*  and  malleable. 

The  work  h  heated  gradual!)  until  tlir  water  of  crystal* 
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lization  is  driven  from  the  borax,  then  the  work  is  heated 
all  over  until  the  solder  is  on  the  point,  of  melting,  when  a 
concentrated  flame  is  applied  to  the  joint;  until  the  solder 
flows.  Care  should  be  taken  to  use  the  reducing  flame 
rather  than  the  oxidizing-  flame.  Shonld  it  be  found  diffi¬ 
cult  to  confine  the  heat  to  the  work,  pieces  of  pumice  stone 
may  be  placed  around  the  part  containing;  the  joint,  as  shown 
in  Fig.  656. 

A  large  number  of  small  articles  may  be  easily  and  quickly 
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soldered  by  placing  them  on  a  bed  formed  of  small  lumps 
of  pumice  stone  and  proceeding  from  one  article  to  another 
in  succession. 

For  supporting  small  work,  leaving  a  number  of  joints 
and  requiring  much  fastening,  the  slabs  of  asbestos  are  very 
desirable.  For  very  small  work  to  be  clone  with  the  mouth 
blowpipe,  the  prepared  blocks  of  willow  charcoal  are  used. 

After  soldering,  the  borax  may  be  removed  by  boiling 
the  article  in  sulphuric  acid. 

If  the  work  is  of  such  a  character  that  it  is  inconvenient 
to  clasp  or  rivet  it  together,  or  even  to  wire  it,  it  may  be 
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kept  in  place  upon  the  coal  or  pumice  stone  by  means  of 
tacks  forced  in  at  points,  where  they  will  be  effectual  in 


Fig.  657. 


Method  of  holding  Work  for  soldering. 


holding  the  work.  When  tacks  are  unavailable,  parts  may 
he  held  by  wire  loops  and  stays  (Fig.  657). 

If  part  of  the  work  has  been  already  done,  and  it  is  de- 
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Work  incased  for  soldering. 


sired  to  unite  several  pieces,  having  parts  which  have  been 
previously  soldered,  in  close  proximity,  these  parts  may  be 
held  in  any  position,  and  at  the  same  time  the  joints  already 
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soldered  may  he  prevented  from  melting  by  incasing  the 
work  in  the  following  manner  : 

Take  equal  parts  ol  plaster  of  Paris  and  tine,  sharp  sand; 
add  a  sufficient  quantity  of  water  to  make  a  thick  hatter, 
and  imbed  the  work  in  it,  leaving  the  entire  joint  to  he  sol¬ 
dered  and  the  adjacent  parts  exposed.  Care  must  be  taken 
to  not  gel  the  plaster  into  the  joint,  as  that  would  prevent 
the  solder  flowing. 

It  is  difficult,  to  hold  all  the  various  parts  which  are  to  he 
united  so  as  to  apply  the  plaster ;  the  parts  may  he  put  into 
position  one  by  one,  and  fastened  temporarily  by  means  of 
a  drop  of  wax,  which,  when  the  work  is  incased  and  the 

Fin.  (Kt). 
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plaster  sets,  may  be  readily  melted  out  and  the  llux  and 
solder  applied.  In  every  case  where  it  is  possible,  the  (lux 
should  be  well  brushed  into  the  joints  be l ore  placing  the 
work  on  its  support.  A  convenient  way  of  preparing1  flux 
for  small  work  is  to  rub  a  piece  of  borax  about,  with  a 
few  drops  of  water,  on  a  porcelain  slab  or  common  slate, 
as  before  described,  until  it  appears  like  paste  ;  this  should 
be  applied  to  the  work  with  a  camel's  hair  pencil.  Small 
pieces  of  solder  are  dipped  into  the  borax  paste  and  put 
on  the  joints  of  the  work.  A  pair  of  tweezers  will  be  found 
convenient  for  this. 

When  the  job  is  incased  as  in  Fig.  65 8,  it  may  be  placed 
in  a  common  fire  until  it  has  nearly  attained  a  red  heat, 
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when  it  will  be  found  that,  on  appl\  ins-  the  blowpipe,  the 
solder  will  readily  flow  with  little  expenditure  nt  time  and 
breath. 

A  few  solders,  the  metal  to  which  the\  are  applied,  and 
their  appropriate  fluxes,  are  tabulated  below  ; 
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Soft,  coarse .  . . 

....  Tin,  t  ; 

lead,  4 

Bolt,  line . 

_  *1  in,  s  ; 

lead,  l. 

Soft,  lustble. ..  . . . . . 

. . ,  Tin,  a  ; 

;  lead,  t  ,  b|* 

,  l 

Pewterer’s . 

....  Tin,  ;t  ; 

,  lead,  4  ,  bi» 

.  ’i 

Spelter,  soft . 

.  ...  Ctippri 

l  ;  dm  ,  l 

Spelter,  hard . 

. . . .  Copper 

.  a  ,  /in* ,  t 

Silver,  fine . 

....  Silvet, 

f<6  ti ;  t  upper. 

34  4  .  i<> 

Silver,  common . 

.. . . .  Silver, 

Men ;  t  tipper, 

,  pit.,  ritn  ,  4‘4, 

Silver,  for  brass  and  iron  .. 

...  Silver, 

t  ;  bras'*,  I 

Silver,  more  lusitdc* . 

Stiver, 

t  ;  brass,  t  ; 

/sn«  ,  t 

Gold,  for  x8  carat  gold. . , .. 

S  Gold,  i 

%  carats  bur, 

Mi  f. 

’  *  /  Silver. 

lb 7  ,  eopppt 

.  lb  7 

Gold,  more  fusible . . 

,  Same  a*  above  wall . 

a  uaee  of  /me. 

Platinum . . . . 

....  Fine  gi 

>ld. 

MATERIAL  TO  BE  HOLDERKIJ.  MH  tWH, 
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Tin . 

Lead.,..  . 

Brass,  copper,  iron  ami  nine 

Pewter. . .  . . 

Brass . .  . 

Copper  and  iron .  .  . 

Brass,  copper,  iron,  steel, . . . 
Gold  ..  . 

Platinum. 


Soft,  eoar*e  m  fine, 
Suit,  eww  m  ftnr 
Holt.  roatMJ  u*  ft  op 
IVwterer‘»  «r  fusible 
Bpdtrr,  wit. 

Spelter.  wilt  *>r  hard, 
A nv  «ulvrr,  H 
Gofd,  S, 

Fine  gold. 


Ream  ut  /me,  ehl 

Resin 

Zir« .  t  hi. 

Resin  *»t  /(su ,  rht 
Jbua* 

Hot  a* 
lh»r«K 
ItuMft. 
fb*f4X 


The  chloride  of  zinc  solution  is  prepared  by  dissolving 
zinc  in  muriatic  add  to  repletion  and  diluting  with  an  equal 
quantity  of  water.  For  iron,  a  small  quantity  of  nukumtio- 
niac  may  be  added.  For  large  work,  where  "qteltcr  is  used, 
it  is  powdered  and  mixed  with  pulverized  Inirax,  the  mix* 
ture  made  into  a  thick  paste  with  water,  ami  applied  with 
a  brush. 


Soft  solders  are  fused  with  a  copper t knmvn  in  the  trade 
as  a  soldering  iron)  or  blowpipe  after  the  application  of 

the  appropriate  flux. 

While  the  work  is  still  hot  and  the  solder  fluid,  any  stir* 
plus  may  be  nicely  removed  with  a  moist  brush,  A  neat 
joint  may  be  made  between  chmelv  fitting  surface*  by  plac¬ 
ing  a  piece  of  tin-foil  between  the  parts,  and  fusing  in  a  plain 
or  blowpipe  flame. 
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Just  here,  perhaps,  it  is  well  to  notice  the  action  aiul  use 
of  the  blowpipe  and  the  structure  of  (he  blowpipe  llame. 

When  a  jet  of  air  from  a  blowpipe  is  directed  into  a 
gas *or  alcohol  llame,  the  form  of  the  llame  is  changed  to  a 
vslcnder  cone,  having  at  two  points  characteristics  which 
differ  widely.  There  is  a  slender  internal  pencil,  having  a 
fine  blue  color,  which  is  known  as  the  reducing  llame,  shown 
at  a  in  Fig.  660,  and  an  external  llame,  A  enveloping  the  blue 
pencil,  having  a  more  indefinite  form  and  a  brownish  color. 
This  is  the  oxidizing  llame.  A  piece  of  metal  -tin  for  ex¬ 
ample-™})  laced  at  the  apex  of  the  outer  or  oxidizing  llame  is 
rapidly  oxidized,  while  the  same  piece  placed  at  the  point 
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The  blowpipe  Flame. 


of  the  internal  or  reducing  llame  immediately  assumes  a 
globular  form  and  has  the  brilliant  surface  of  clean  melted 
metal. 

The  rational?  of  this  is  that  at  the  extremity  o(  the 
■oxidizing  llame  there  is  intensely  heated  oxygen  in  condi¬ 
tion  to  unite  with  anything  oxidable  ;  while  at  or  just  be» 
ytmd  the  inner  or  reducing  cone  are  unburnt  gases  having 
a  high  temperature  and  a  strong  affinity  for  oxygen,  ami 
consequently  any  oxide  placed  at  this  point  will  be  deprived 
of  its  oxygen  and  reduced  to  a  metallic  state. 


From  this  the  conclusion  will  be  readily  arrived  at  that 
the  proper  point  in  the  blowpipe  flame  to  "effect  the  fusion 
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To  produce  a  uniform  continuous  jet  wit  It  t  lit*  ordinary 
blowpipe  is  an  attainment  u  hicii,  to  some,  is  most  ditficuit. 
It  is  very  easy  to  state  that  it  is  only  necessary  to  cause 
the  mouth  to  maintain  the  jet  at  the  instant  ot  inspiration, 
but  it  is  quite  another  tiling  to  tic  *  it.  I'he  blowing,  in  light 
work,  should,  (or  the  most  part,  he  done  with  the  mouth 
alone.  It  must  be  made  to  act  the  putt  ol  a  pump  or  bel¬ 
lows,  receiving  its  air  supply  from  tin*  lungs,  but  forcing 
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its  contents  through  the  blowpipe,  principally  by  the  action 
of  the  tongue.  Let  the  tyro  dose  his  lips  tightly,  and  with 
his  tongue  alone,  independently  of  his  lungs,  force  air  into 
his  mouth  until  his  cheeks  are  distended  to  their  fullest 
extent. 
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lungs  may  be  used  or  not  at  pleasure.  Let  it  not  be  under¬ 
stood  from  the  foregoing  that  the  cheeks  are  to  be  puffed 
out  while  blowing.  This  is  not  advisable. 

Work  tlv't  is  too  large  to  be  readily  soldered  by  t  lie 
means  already  noticed  may  be  done  in  a  charcoal  or  coke 
fire  with  a  blast.  Even  a  common  fire  of  coal  or  wood  may 
often  be  made  to  answer  the  purpose. 

Brazing  or  hard-soldering  of  any  kind  must  not  be  tried 
in  a  lire,  or  with  coals,  or  tools  which  have  the  least  trace  of 
soft  solder  or  lead  about  them.  Neither  must  the  brazing 
of  work  which  has  been  previously  soft-soldered  be  at¬ 
tempted.  A  neglect  of  these  cautions  insures  failure. 

A  wash  of  clay  applied  to  surfaces  which  are  not  to  be 
joined  prevents  the  flow  of  solder. 

The  vitrified  ilux  may  be  readily  removed  by  boiling  the 
articles  for  a  few  moments  in  dilute  sulphuric  acid.  This  is 
best  done  in  a  copper  vessel. 

(IAS  FURNACE. 

The  small  gas  furnace  shown  in  Fig.  66 1  may  be  used  in 
connection  with  the  blowpipe  and  bellows  already  described 
by  arranging  the  blowpipe  on  a  stand  and  placing  the  lur 
naee  upon  the  pumice  stone  brick  or  a  fire  brick.  The 
blowpipe  is  adjusted  to  deliver  a  blast  to  t lit;  opening  of  the 
furnace.  The  crucible  in  which  the  metal  is  melted  rests 
upon  an  elevation  at  the  center  of  the  furnace,  as  shown  in 
the  sectional  view  in  Fig.  661.  The  crucible  contains  besides 
the  metal  a  small  cpiantity  of  borax  for  a  flux.  A  brush  (lame 
is  required,  and  the  blowpipe  must  be  carefully  adjusted  with 
reference  to  the  opening  of  the  furnace  to  secure  the  best 
results. 

With  this  furnace  and  blowpipe  two  ounces  of  metal  can 
be  melted  in  ten  minutes.  Its  capacity,  however,  is  greater 
than  that.  After  the  metal  is  rendered  sufficiently  fluid,  it 
may  be  poured  into  an  oiled  ingot  mould,  shown  in  Fig.  ckla, 
thus  giving  it  a  form  adapted  to  rolling  or  hammering,  or  it 
may  be  poured  into  a  sand  mould,  giving  it  any  desired 
form.  The  crucible  is  handled  by  means  of  the  tongs 
shown  in  Fig.  663. 
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The  body  of  the  Fletcher  furnace  is  formed  of  cl. t  v  treated 
in  a  peculiar  way  t<>  render  it  very  light  and  p‘»i*ms,  It  is 
4h  inches  in  external  diameter  and  4 1 1  'lm  l,rs  hi 

ternal  diameter  at  the  top  is  „rf  inches,  at  tlr  bottom 
inches.  The  hole  at  the  side  is  f  inch  in  di.mufei .  I  hr 
cover,  which  is  1 A  inches  thick  and  <>j  the  saute  diametei  as 


IllUiit  M mild, 

the  body,  is  concaved  on  its  under  surtace  and  piovided  n  itl* 
a  §  inch  central  aperture.  The  cover  and  the  b< «lv  ate  en¬ 
circled  by  sheet  iron. 

It  is  not  diificult  to  make  a  luniace  u  lm  h  will  emupnie 
favorably  with  the  original  article.  Any  tin  or  sheet  imu 
can  of  the  right  size  mav  be  used  as  a  easing  tui  the  ltttit.nr, 
provided  it  he  seamed  or  riveted  togethn,  A  quart  \\  tun 


Crucible  Tong*. 


bottle  having  a  raised  bottom  serves  as  a  partem  for  the  in. 
terior  of  the  furnace.  The  upper  portion  of  the  raised 
bottom  is  filled  in  with  plaster  of  Paris  or  cement  to  give  the 
crucible  support  a  level  top.  The  material  used  in  the  lot, 
mation  of  the  furnace  is  day  of  the  quality  used  In  the  man- 
ufacture  of  fire  bricks,  or  even  common  ink  ks,  moistened 
and  mixed  with  granulated  fire  brick.  The  material  known 
as  ‘  stove  fix,  used  in  repairing  the  lining  of  stoves,  answers 
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very  well  when  mixed  with  granulated  lire  brick  nr  pumice 
stone. 

'Plie  ran  is  tilled  In  the  depth  nl‘  an  inch  with  the  material. 
The*  chambered  bottom  of  the  wine  bottle  is  oiled  and  Idled 
with  the  material  and  placed  in  the  can,  as  shown  in  Fig. 
664.  A  ![  inch  wooden  plug  is  inserted  in  a  hole  in  the  side 
of  the  can,  to  be*  afterward  withdrawn  to  form  t he  blast  aper¬ 
ture.  The  can  is  then  Idled  with  the  clay  mixture,  which  is 


Making  a  Hltiwpijtr  rurnurc. 


tumped  in  lightly.  The  material  should  not  be  too  wet,  and 
it  is  well  to  oil  the  bottle  to  facilitate  its  removal.  When 
the  filling  operation  is  complete,  the  bottle  is  loosened  and 
withdrawn. 

The  cover  is  formed  by  idling  a  suitable  band  with 
the  clay  mixture.  The  furnace  is  allowed  to  dry  for  a  day 
or  so.  1  lie  first  time  the  furnace  is  heated,  the  temperature 
should  be  increased  very  gradually. 
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MAKING  MOULDS  FOR,  AND  LASTING  AND  FINISHING 
ARTIGLKS  IN  TIIK  MORF  FUSIHIF  ALl.nYS. 

By  the  following  simple  process,  with  lew  tools  and  ma¬ 
terials,  t  he  virtuoso  may  reproduce  his  rare  and  curious  arti- 
cles,  the  artist  may  fix  Ids  ideas  in  enduring-  metals,  and  the 
amateur  machinist  may  make  smooth,  finished  castings  tor 
various  parts  of  his  machinery.  It  is  not  supposed  that  this 
process  will  supplant  the  ordinary  means  of  producing  cast- 


Fu;. 


ings  for  the  trades ;  hut  it  will  be  found  useful  and  conveni¬ 
ent.  for  amateur  and  artisan. 

A  medallion,  a  bass-relief,  or  an  article  of  less  artistic  de¬ 
sign  may  be  chosen  for  a  pattern.  In  any  case  it  must  have 
the  necessary  qualifications  for  moulding,  namely,  a  smooth 
water-proof  surface  ;  a  sufficient  draught  to  permit  it  to  be 
readily  removed  from  mould ;  removable  pieces  for  under¬ 
cut  places ;  core  prints,  etc.  If  the  article  in  hand  is  one 
which  has  not  all  the  requisites  of  a  good  pattern,  a  remedy 
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may  be  found  in  filling'  up  with  wax,  or  making  the  mould  in 
several  pieces. 

To  illustrate  the  method,  a  medallion  is  chosen.  If  there 
are  doubts  about  drawing  it  from  the  mould,  a  thin  ribbon 
of  wax  may  be  wrapped  around  its  edge.  The  pattern  now 
receives  a  coating  of  oil,  the  greater  portion  of  which  ,is  re¬ 
moved  with  a  pledget  of  cotton.  It  is  placed  flatwise  on  a 
piece  of  glass  or  smooth  board,  previously  oiled.  Two  parts 
of  plaster  of  Paris  and  one  part  of  powdered  pumice  stone 
are  mixed  wit h  water  to  a  creamy  consistency,  and  a  small 
quantity  of  this  is  poured  on  the  pattern,  and  washed  about 
with  a  camel’s  hair  pencil  until  no  air  bubbles  art*  seen,  then 
a  little  more  is  poured  on,  so  as  to  overlap  the  medal  about 
half  its  diameter.  When  the  plaster  begins  to  set,  common 
pins  are  inserted  with  the  points  nearly  or  quite  touching 
the  medal.  The  mould  is  then  built  up  with  the  plaster 
until  it  is  sufficiently  strong. 

After  this  part  of  the  mould  becomes  hard,  it  must  be 
prepared— while  the  pattern  is  still  in  it  for  making  the 
counterpart.  This  is  done  by  first  making  t  wo  slight 
grooves,  which  are  to  locate  the  channel  through  which  the 
metal  is  to  be  poured,  and  notching  the  sides  in  two  or  more 
places. 

The  part  of  the  mould  which  will  come  in  contact  with 
the  counterpart  is  brushed  over  with  powdered  soapstone, to 
rentier  it  separable.  The  pattern  is  oiled  and  the  surplus  re¬ 
moved  as  before.  The  piaster  is  prepared  and  poured  care¬ 
fully  over  the  pattern  and  upper  surface  of  the  mould  ;  care 
being  taken  to  get.  it  well  into  the  notches,  which  form  the 
guides  for  the  counterpart.  When  the  plaster  begins  to  set 
the  pins  may  be  inserted,  and  this  part  of  the  mould  may  be 
thickened  up  until  it  is  stout  enough  to  bear  handling.  When 
the  plaster  becomes  hard  the  pins  are  removed,  leaving  vents 
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radially  froni  t he  impression  left  b  v  the  patteni  tut he  out- 
sidc  of  the  mould.  The  mould  must  be  dried  thoioughly  in 
an  oven  or  upon  the  stove.  It  is  ud\ antagrous  in  some 
cases  to  brush  the  laee  of  the  mould  over  with  soapstone 
powder,  care  being  taken  nut  to  till  the  fetrt  tines. 

A  tine  annealed  wire  is  wound  about  the  mould  to  hold  it 
together.  It  is  then  set  up  in  a  dish  ot  sand,  w hit  h  holds  it 
upright  and  obviates  any  aeeident  whic  h  might  occur  from 
overfilling  the  mould. 

A  bass-reliei  may  he  readily  copied  In  taking  an  itnpres 
sion  in  precisely  the  same  manner  as  in  the  ease  ot  the  first 


such  a  nature  that  it  is  inadmissible  to  copy  it  in  this  manner, 

an  impression  in  wax  or  gutta-percha  must  be  taken  and  a 

duplicate  of  the  article  made  in  plaster  of  Paris.  After 


former  to  three  of  the  tatter,  are  melted  together  and  cast 
into  a  thin  plate,  in  a  platter  which  has  been  moistened  to 
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opposite  edges  oi  the  board,  as  in  the*  illustration  thig.  frf>o). 
A  roller  having  an  equal  diameter  t hmughnut,  and  a  length 
which  is  a  little  greater  than  t he  width  of  the  board,  is  pro¬ 
vided. 

'Phe  mixture  ot  parafline  and  wax  (which  will  be  railed 
uw.r)  is  warmed  slightly  ( most  conveniently  in  warm  water* 
and  placed  upon  the  board,  which  must,  be  wet,  and  the 
roller,  also  wet,  is  rolled  over  it  until  it  touches  the  strips  ot 
wood,  the  wax  in  consequence  having  been  reduced  to  the 
thickness  of  these*  strips.  And  now  while  the  wax  is  still 
slightly  warm  not  warm  enough,  however,  to  make  it  ad¬ 
hesive -it  is  carefully  worked  with  the  lingers  into  every 
part  of  the  impression  of  the  relief,  so  that  it  mav  have  the 
form  of  the  back  ol  the  desired  casting.  Should  t he  wax 
stretch  so  much  as  to  become  too  thin  in  some  of  the  deeper 
places  in  the  mould,  it  should  be  backed  up  with  an  addi¬ 
tional  sheet  a!  that  point.  No  attempt  should  be  made  to 
force  the  wax  into  the  minute  depressions,  as  some  of  the 
fine  features  of  the  mould  might  be  injured.  The  wax  may 
be  trimmed  with  a  warmed  knife,  giving  the  edge  of  the 
work  the  required  form.  'Phe  mould  from  this  point  out  is 
proceeded  with  in  the  same  manner  as  in  the  case  of  the 
medallion.  In  the  lower  part  of  Fig.  is  shown  a  longi¬ 
tudinal  section  of  a  mould,  showing  the  position  of  the 
wax. 

The  following  alloys  are  recommended  as  suitable  for 
casting  in  the  moulds  above  described,  aud  usually  a  num¬ 
ber  of  perfect  casts  may  be  taken  from  a  single  mould  : 

An  alloy  consisting  of  zinc  4  parts,  tin  3  parts,  and  bis¬ 
muth  t  part  is  of  a  light  silvery  color,  with  a  brilliant  crys¬ 
talline  surface. 

Zinc  7  parts,  antimony  4  parts,  bismuth  t  part,  makes  a 
fine  light  gray  metal. 

Antimony  1  part,  tin  4  parts,  makes  a  beautiful  white* 
alloy  having  the  appearance  of  silver.  One  or  two  addi¬ 
tional  parts  of  tin  renders  the  metal  more  malleable. 


As  to  finish,  the  castings  mav  he  left  as  taken  hum  the 
mould,  or  they  may  he  lacquered  with  am  ut  the  variously 
colored  lacquers.  Ora  hron/e  finish  having  the  true  fritiiia 
aniiqua  mav  he  given  them  in  the  tollow  ing  manner  :  l  ake  a 
small  mil  of  cotton  cloth,  if  inch  diametei ,  J  inch  in  length, 
and  wind  a  copper  wire  alumt  it  with  several  turns,  fmalls 
twisting  it  into  a  handle.  I >ip  this  into  eommercial  nitric 
acid  and  brush  over  the  crusting  with  the  projecting  end  ot 
the  rot  ton  roll. 

It  will  he  found  that  the  arid  dissolves  the  t  opper  suffi¬ 
ciently  to  deposit  a  film  on  the  .surface  ot  the  tasting.  The 
prominent  portions  ot  the  easting  w  ill  he  coated  with  metal 
lie  copper,  while  the  depressions  which  are  not  rubbed  with 
the  roll  will  he  coated  with  a  bluish  gt  ecu  s  ilt,  tmmediateh 
after  the  easting  is  coated,  if  should  be  washed  in  clean 
water  ami  wiped  off  with  a  sponge,  tare  bring  taken  to  nut 
disturb  the  green  deposit  in  the  depressions  ut  the  casting. 
This  treatment  produces  this  effect  only  on  the  last  men. 
tinned  alloy.  II  applied  to  the  second  our,  if  produc  es  a 
fine  dark  appearance  similar  to  oxidized  sih ei .  A  fuither 
improvement  may  he  made  in  the  eastings  by  warming 
them  and  brushing  them  over  with  a  very  slight  coating 
of  wax. 

To  preserve*  the  surface  n!  the  crystalline  allot, ,  it  should 
be  coated  with  a  very  thin  him  o(  collodion. 


MnUUUNt;  ANt>  CASTS  NO  IS  SAM*. 

To  be  able  to  mould  small  articles  in  sand  ami  cast  them 
In  the  different  metals  is  often  a  great  convenience.  A  little 
practice  will  enable  one  to  do  a  fair  job  of  plain  work.  One 
or  more  flasks  made  in  halves  and  connected  by  dowels  will 
be  required,  also  some  fine  moulding  sand,  which  mav  be 
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mg-  bench  consisting:  of  a  shallow  partly  covered  box  for  con¬ 
taining  the  sand  is  desirable.  A  follow  board  is  placed  upon 
the  bench,  and  the  pattern  is  laid  upon  it.  The  lower  part 
of  the  bask— which  is  known  as  the  nowel  -is  placed  upon 
the  board.  Sand  is  now  sifted  upon  the  pattern  through 
a  wire  cloth  sieve,  No.  20  mesh.  A  depth  of  only  i  inch  of 
sifted  sand  is  required.  The  nowel  may  now  be  filled  with 
sand  from  the  box,  which  is  ram  met  1  with  a  small  rammer, 
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second  hull  is  j dat  r» I  < *n  the  In  si  half,  uii«l  g ui Sing  sand  is 
sprinkled  over  t  hr  lure  oi  t  hr  1* »u  r r  bull  >  a  f  h»  nu  add.  Stir 
plus  parting  s.usil  is  hi*  tw  it  auuv  hi  a  bi.r.t  !i<«Sii  I  hr  till  tilth 
or  irnm  a  hand  bellow  s.  I  hr  upper  pail  * <i  fhr  flask  *  ailed 
the  rope*  is  placed  in  pi  *si f  n  <u  « at  I  hr  low  r  i  hall,  and  a  gate 
pit)  is  inserted  in  the  sand  at  a  p* ant  liras  the  palter  u,  I  hr 
rope  is  now  tilled  w  it  It  moiiidtug  void,  as  in  the  t  a*a*  of  tin 
nowel.  The  gate  pin  is  i apped  « »u  differ  rut  sides  and  i r- 
tttoved,  The  follow  board  is  plat  rd  » m  the  *  opr  %\  hrii  the 
latter  is  lilted  from  the  n«  «w  *1.  and  hud  ,jf, , 

bottom  side  up  on  the  moulding  hem  1* .  _ 

The  pattern  screw  ,  ilag  o#,s<,  is  m  a 

sorted  in  the  pattern  atu!  grtitU  sapped  f  1/ 
in  two  tlireetioiis  at  right  angle**  !<•  r»n  li  | 

other,  alter  which  the  gutter n  »*,  uir  j  f|F  Jm 

fully  lifted  front  the  mould  \  g.*t«  v-  i  1  ilp 

rut  I  rum  the  mould  to  the  point  «-*  ilM  j  I 

gate  pin  in  the  nout-1  bv  means  ot  a  ■’  1 

piece  t>{  thin  sheet  metal  bent  mix  1 

li  an  extra  smooth  easting  is  i r  '  S 

quirni,  tlu*  mould  should  |tr  dusted  I 

over  with  the  plumbago  fating,  llns  tfl 

is  accomplished  l»v  shaking  nvn  flu*  '^1 
mould  a  muslin  bag  containing  tlir  M 

plumbago.  The  pattern  is  rrpkn  rd  to 
smooth  the  surface  and  tiirn  removed  ,  •».  isunn  sw* 

the  mould  is  dosed  and  damped.  If  ''VV,“  ^ 

the  ohjeet  ts  of  some  si/e,  the  mould  w  w 

should  he  vented,  this  is  dour  bv  pin t  mg  tlir  siitd 
from  the  outside  of  the  mould  to  the  gutter  n  bv  means 
of  the  vent  wire  shown  at  /*,  log. 

If  during  the  process <4  moulding  .un  par  in  Irs  of  *und 
should  fall  into  tlir  mould,  fhev  mav  !»*■  taken  out  h\  the 
right-angled  end  of  the  lifter,  «  « hig.  f/.Ss  Tlir  opposite 
end  of  the  tool  is  formed  into  a  t hiu  I *I,i« ir  know  n  a»  a 
sliek,  and  used  for  building  up  broken  part s  * *1  tlir  mould 
and  for  smoothing  plane  surfa*  v-%. 

Zinc  or  type  metal  may  he  melted  in  an  iron  ladle  in  a 
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common,  fire.  Brass  or  bronze  may  be  melted  in  a  sand 
u  ueiblc  in  a  coal  lire  having  a  ^ood  draught.  In  small  quan- 
tities  it.  may  be  melted  in  the  ^as  fnrnance  described  else- 
vv hci e  in  1  his  chapter.  A  little  borax  should  be  placed  in 
the  crucible  as  a  flux, 

MAKING  CARBON  RODS  AND  PLATES. 

C  arbon  rods  and  plates  of  the  finest  quality  can  be  made 
economically  only  by  the  use  of  expensive  machinery  and 
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Clean  pieces  of  coke  should  be  selected  for  this  purpose, 
and  such  as  contain  no  volatile  matters  are  preferred.  The 
coke  is  pulverized  and  passed  through  a  fine  sieve.  It  is 
then  thoroughly  mixed  with  from 
one-sixth  to  one-eighth  its  bulk 
of  wheat  flour,  both  being  in  a 
dry  state.  The  mixture  is  moist¬ 
ened  with  water  (or  water  with 
a  small  percentage  of  molasses 
added)  sufficiently  to  render  it 
thoroughly  damp  throughout,  but 
not  wet.  It  should  now  be  al¬ 
lowed  to  stand  for  two  or  three 
hours  in  a  closed  vessel  to  prevent 
the  evaporation  of  the  water.  At 
the  end  of  this  time  the  mixture 
may  be  pressed  into  moulds  of 
any  desired  form,  then  removed 
from  the  moulds  and  dried, 
slowly  at  first,  afterward  rapidly, 
in  an  ordinary  oven  at  a  high 
temperature.  When  the  plates  or  rods  thus  formed  are 
thoroughly  dried,  they  are  packed  in  an  iron  box,  or,  if 
they  are  small,  in  a  crucible,  and  completely  surrounded  by 
coke  dust  to  exclude  air  and  to  prevent  the  combustion  of 

Fig.  671, 


Discharging  the  Mould. 


the  plates  or  rods  during  the  carbonizing  process.  The  box 
or  crucible  must  be  closed  by  a  non-combustible  cover  and 
placed  in  a  furnace  or  range  fire  in  such  a  way  as  to  cause  it 
to  be  heated  gradually  to  a  red  heat.  After  the  box  be- 


Fig.  670. 


Moulding  Carbon  Rods. 
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comes  healed  to  the  required  degree,  it  is  maintained  at  that 
temperature  for  an  hour  or  so,  alter  wdiich  it  is  removed 
from  the  fire  and  allowed  to  cool  before  being  opened.  The 
rods  or  plates  are  then  boiled  for  a  half-hour  in  thin  sirup 
or  in  molasses  diluted  with  a  little  water.  They  are  again 
baked  in  an  ordinary  oven  and  afterward  carbonized  in  the 
manner  already  described.  This  latter  process  of  boiling  in 
sirup  and  reearbonizing  is  repeated  until  the  required  den¬ 
sity  is  secured. 

As  some  gases  are  given  off  during  carbonization,  it.  is 
necessary  to  leave  the  box  or  crucible  unsealed  to  allow 
these  gases  to  escape. 

Fig.  Ofkj  shows  an  inexpensive  form  of  mould  for  flat 
carbon  plates.  It  consists  of  two  right-angled  pieces  of 
Fig.  67a,  wood  of  the  thickness  of  the 

■  carbon  plate  to  be  made,  and 

a  thick  plate  of  sheet  iron. 
The  iron  should  be  oiled  or 
smeared  with  grease  before 
the  mould  is  filled.  The  car¬ 
bon  and  flour  mixture  is  press¬ 
ed  into  the  mould  smoothly, 
the  wooden  pieces  arc  re- 
CarbonizliiK  Box.  moved,  and  the  carbon  is  left 

on  the  iron  plate  to  dry.  When  dry  it  is  easily  separated 
from  the  plate  and  may  be  handled  without  danger  of 
breaking. 

Cylindrical  carbon  rods  may  be  formed  in  a  wooden 
mould,  as  shown  in  the  background  of  Fig.  669,  and  dried  in 
a  grooved  iron  plate  adapted  to  receive  them,  or  a  brass 
tube  may  be  used  as  a  mould,  as  shown  in  Figs.  670  and 
67 1.  To  facilitate  the  filling  of  the  tube,  a  funnel  may  be 
formed  on  or  attached  to  one  end.  The  tube  may  be  filled 
with  carbon  entirely  from  the  top,  or  it  may  be  partly  filled 
by  forcing  its  lower  end  several  times  down  into  the  carbon 
mixture,  finishing  the  filling  at  the  top.  The  lower  end  of 
the  tube  is  placed  on  an  iron  plate,  and  the  contents  are 
rammed  from  time  to  time  during  the  filling  operation. 
When  the  tube  is  filled,  it  is  discharged  in  the  manner  illus- 
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trated  by  Fig.  671,  i.  e.,  by  pulling  it  over  a  fixed  rod  while 
its  discharge  end  delivers  the  carbon  cylinders  to  the  iion 
plate  on  which  they  are  to  be  dried  and  baked  prepm  atoi  y 
to  carbonization.  The  plate  in  this  case  should  be  oiled  tc 
prevent  the  adhesion  of  the  rods.  The  rod  by  which  the 
contents  of  the  tube  are  ejected  should  be  on  a  level  with  the 
top  of  the  iron  plate.  Fig.  672  shows  in  section  an  iron  box 
•  containing  plates  and  rods  packed  ready  for  carbonization. 

USEFUL  RECIPES. 

Cements. 

A  cement  for  leather  and  soft  rubber. — Cut  gutta-percha 
shreds  in  bisulphide  of  carbon.  It  should  be  applied  to  the 
two  parts  to  be  united,  and  before  it  dries  the  parts  should 
be  pressed  together.  Care  should  be  taken  to  avoid  ap¬ 
proaching  the  fire  or  light  with  this  cement,  as  the  vapor  ol 
the  bisulphide  of  carbon  is  very  inflammable. 

Cement  for  rubber  cloth  and  leather. — Dissolve  pure  gum 
rubber  in  turpentine.  Apply  as  a  varnish,  and  when  tacky 
press  the  parts  together.  The  addition  of  a  small  amount  of 
gutta-percha  renders  the  cement  firmer. 

Cement  for  attaching  wood  to  glass  or  securing  flexible  rubber 
to  iron  or  wood. — Melt  together  equal  parts  of  yellow  pitch 
and  gutta-percha ;  apply  warm.  The  parts  to  which  it  is 
applied  should  also  be  warm. 

The  addition  to  the  above  of  shellac  in  the  proportion  of 
..about  1  of  shellac  to  2  of  the  above  cement  will  increase  its 
hardness. 

Cement  for  glass,  leather,  and  wood. — Soak  gelatine  in  cold 
water  overnight.  Pour  off  the  water  and  add  20  per  cent, 
-of  acetic  acid,  melt  carefullv  over  a  water  bath.  Apply  with 
.a  brush. 

Mucilage  for  labels. — Dextrine  dissolved  in  hot  water  with 
.a  small  percentage  of  molasses  added,  forms  an  excellent 
mucilage. 

Mucilage  for  attaching  labels  to  glass,  metals,  or  wood. — A. 
3>aste  formed  of  gum  tragacanth  and  water. 
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Insoluble  ^lue  for  wood  ami  leather -Prepare  a  good  quality 
•ol  while  glue  in  llu*  usual  wav.  Add  to  the  glue  when  pre¬ 
pared  5  per  cent,  of  birhrnmale  of  potash,  finely  powdered; 
stir  it  until  tlu* bichromate  of  potash  is  thoroughly  dissolved. 
Articles  cemented  with  this  glue  should  be  exposed  to  the 
light.  for  a  tew  hours  to  render  the  glue  insoluble.  The  addi¬ 
tion  to  the  above  of  a  little  glycerine  or  molasses  will  render 
it  ilexibtc. 

t  ement  for  leather,  in  parts  of  gutta-percha,  4  of  gum 
rubber,  a  of  vellow  pitch,  1  of  shellac,  melted  together  with 
2  parts  ol  linseed  oil. 

(  ement  An perrions  to  bisulphide  of  ear  bo  11.  -Best  quality  of 
white  glue  wit h  to  per  cent,  of  molasses  added. 

(  ement  for  insulating  tapes.  Pure  gum  rubber  dissolved 
in  turpentine,  wit h  the  addition  ol  5  per  cent,  ol  raw  linseed 
oil. 

Another  for  tapes.  Vellow  pitch,  H  parts;  beeswax,  2 

parts  ;  tallow,  1  part. 

Muir  head's  t  ement.  -3  pounds  Portland  cement,  3  pounds 
ol  sharp  sand,  4  pounds  ol  blacksmith's  ashes,  4  pounds  ol 
resin.  Melt  the  resin  and  stir  the  other  ingredients  in. 

Hlaek  eement.  t  pound  blacksmith’s  ashes,  1  pound 
sharp  sand,  2  pounds  of  resin.  Combine  as  in  the  last 
recipe. 

Aeidfroof  eement.— Melt  1  part  of  pure  rubber  in  2  parts 
of  linseed  oil,  add  b  parts  of  pipe  clay.  This  mixtuie  pro¬ 
duces  a  plastic  cement  which  softens  by  heat,  but  does  not 
melt. 

(  ement  for  gutta-pcrcha,-~Ar\ t c jckhol m  tar,  1  part, ;  resin,  1 
part  ;  gutta-percha,  3  parts. 

Insulating  cement.-— Shellac,  3  parts;  resin,  2  parts;  Venice 

turpentine,  1  part ;  yellow  oeher,  3  parts. 

Common  scaling  wax  and  jeweler’s  cement  are  very 

convenient  for  many  uses.  The  cement  sold  for  attach¬ 
ing  bicycle  tires  to  the  wheels  is  uselul  for  making  tanks, 
cementing  rubber,  etc. 
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A  varnish  formed  by  dissolving  orange  sad  lac  in  o$  per 
cent,  alcohol  is  indispensable  in  the  laboratory.  It  is  use 
ful  for  all  kinds  of  electrical  work  and  for  finishing-  wood 
and  metal  work.  It  may  be  readily  colored  by  the  addition 
of  pigments,  such  as  vermilion  lor  red,  Hibernia  green  lor 
green,  Prussian  blue  or  ultramarine  blue  together  with  Hake 
white  for  blue,  and  calcined  lampblack  for  black.  Fur 
brown,  the  red  and  black  mav  be  mixed.  For  purple,  the 
red  and  blue  may  be  mixed.  For  yellow,  finely  powdered 
yellow  ocher  or  chrome  yellow  may  he  added.  For  a  dead 
black  varnish,  lor  optical  and  other  uses,  alcohol,  with  a 
small  percentage  of  shellac  varnish  atlded,  mixed  with  cal¬ 
cined  lampblack,  answers  an  excellent  purpose. 

A  lacquor  for  brass  work  is  mitk  as  follows*  8  ounces  ol 
stick  lac  is  dissolved  in  a  half  gallon  of  alcohol  and  the  solu¬ 
tion  is  filtered.  This  forms  a  pale  larmier  which  dries  hard 
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Scientific  facts  ami  principles  may  often  he  illustrated  by 
means  of  common  things,  such  as  may  he  met  with  in  every¬ 
day  life.  Pins,  needles,  sticks,  straws,  Indicts,  bottles,  hair 
pins,  rubber  bauds,  marbles,  are  among  the  things  available 
for  experimental  purposes.  ICven  a  hand  saw  may  be  pressed 
into  the  service  oi  scientific  illustration. 

The  first  figure  oi  the  engraving  illustrates  a  piece  oi 
apparatus  whieh  is  doubtless  better  known  to  the  seliool 
hoy  than  the  professor.  Tin*  writer's  attention  was  hist 
called  to  this  instrument  by  a  professor  of  physics,  who  con 
liscatcd  it  from  a  student  and  used  it  its  a  lecture  as  an  illus 
{ration.  It  consists  oi  a  hoard  into  which  are  driven  eight 
common  pins,  which  arc  allowed  to  project  dilfemit  lengths, 
thus  forming  a  musical  instrument  whieh  may  he  play  ft  l  by 
plucking  the  heads  of  the  pins.  The  instrument  is  timed  by 
driving  the  pins  into  the  hoard  more  or  less.  In  this  e\pe 
riment  it  is  shown  that  there  exists  a  certain  relation  be- 
tween  the  length  of  the  vibrating  pin  and  the  pitch  of  the 
sound  it  produces.  In  Fig.  2  is  shown  a  x\  loplume,  a  mush 
cal  instrument  formed  of  bars  of  wood  of  different  lengths 
and  thicknesses.  The  particular  instrument  here  illustiated 
was  made  of  a  piece  of  a  pine  box  cover  split  up  in  a  hap¬ 
hazard  way  and  tuned  by  shortening  to  increase  the  pitch 
and  reducing  in  thickness  or  notching  at  the  center  to  low  er 
its  pitch.  The  bars  are  supported  by  a  loosely  twister! 
cord.  The  sound  is  produced  by  striking  the  bars  at  their 
mid-length  with  small  mallets. 

In  Fig.  3  is  shown  a  modification  of  Savart's  wheel, 
which  is  in  reality  no  wheel  at  all,  hut  the  effects  seen  ret  1 
are  substantially  the  same.  By  drawing  the  edge  of  a  can l 
slowly  along  the  cutting  edge  of  a  fine  saw,  regular  taps  art' 
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produced,  which  do  not  form  a  musical  sound;  but  when 
the  card  is  drawn  along1  quickly,  the  taps  are  made  with 
sufficient  frequence  to  produce  a  sound,  the  pitch  of  which 
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will  vary,  of  courst',  with  the  rapidity  ot  t he  mm  ciiuitt  of 
the  card. 

In  Fig.  4  is  illustrated  an  experiment  with  a  paper  tube, 
illustrating  the  closed  and  open  organ  pipe.  When  the  end 
of  the  tube  is  struck  smartly  with  the  palm  of  the  hand,  if 
the  hand  is  allowed  to  remain  in  contact  with  tin*  end  of  tin- 
tube,  the  air  in  tin*  tube  will  be  set  in  vibration,  and  a  tom- 
will  be  produced  which  is  due*  to  a  closed  pipe  ui  that 
length.  If,  however,  the  hand  is  instantly  removed  bom 
the  tube  after  the  blow,  t  wo  notes  will  be  heard,  one  elite  to 
the  closed  pipe,  the  other  to  the  open  pipe,  and  the  latter 
will  be  an  octave  higheT  than  the  first, 

In  Fig.  5  is  an  experiment  with  a  vial,  which  is  made  to 
answer  as  a  eloseel  pipe,  the  length  of  which  is  vat  tee!  by 
pemring  in  water.  By  blowing  across  the  mouth  of  the  vial, 
a  sound  will  be  produced  which  varies  in  pitch  witii  the 
length  of  the  air  space  above  the  water.  By  closing  the 
mouth  of  the  vial  mure  or  less  bv  the  under  lip,  it  is  found 
that  this  also  changes  the  pilch  ;  tin*  smaller  the  opening  of 
the  mouth  of  the  vial,  the  lower  the  pitch. 

In  Fig.  6  is  shown  a  toy  which  is  interesting  im  account 
of  the  great  variety  of  intricate  figures  it  can  produce,  It 
consists  of  a  disk  of  black  cardboard,  having  two  holes  near 
and  on  opposite  sides  of  the  center,  an  elastic  cord  inserted 
in  these  holes,  and  four  paper  fasteners  or'  bright  brass  nails 
inserted  in  the  disk  at  four  points  equally  distant  from  the 
center  of  the  disk  and  from  each  other.  This  toy  is  used  in 
the  same  manner  as  the  well-known  buzz,  by  twisting  the 
cord  and  drawing  upon  it,  and  while  the  disk  revolves,  lust 
in  one  direction  and  then  in  the  other,  the  cord  is  made  to 
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to  fly  out  by  eentrilugal  torn.*  as  h!iuuh  in  Fig.  S.  The 
momentum  acquired  by  the  bullets  during  t lit*  untwisting  o( 
the  rubber  band  twists  the  band  in  the  opposite  direction,  so 
that,  when  it  untwists  again,  the  apparatus  will  rotate  in  the 
opposite  direction.  This  operation  will  continue  tor  a  eon. 
siderable  time. 

In  the  apparatus  shown  in  big.  o  hairpins  arc*  again 

pressed  into  service.  ( )tie  is  opened  out  at  a  didst  angle, 
forming  a  standard  ;  another  is  bent  up  at  the  ends,  funning 
a  double  hook.  Idle  standard  is  inserted  in  a  luwbuard 
provided  with  a  graduated  circle.  The  double  hook  is  sus¬ 
pended  from  the  standard  bv  a  short  pica  e  of  twisted  catgut 
cord,  and  in  the  double  hook  is  placed  a  small  knitting  needle 
to  serve  as  an  index.  This  hums  a  hygniMupr,  which  is 
quite  sensitive  to  atmospheric  moisture.  1 1  v  substituting  a 
filament  of  silk  or  a  fine  hair  for  the  c  atgut  cord,  the  double 
hook  may  be  used  for  supporting  a  straw  to  show  electrical 
attraction  and  repulsion,  a  stick  of  sealing  wax  or  a  glass 
rod  being  used  to  produce  the  elect  ricit  \ . 

The  apparatus  illustrated  bv  big.  to  shows  the  elasticity 
of  solids.  Two  pieces  of  *'  matched  stuff  "  a  re  mitered  to, 
gether,  as  shown,  to  form  an  inclined  plane*  and  a  guide  for 
marbles  or  lead  bullets.  A  mimbrr  n!  mui  blrs  are  placed  in 
the  groove  in  the  horizontal  guide  and  auothri  mat  hie  is 
allowed  to  roll  thnvy  the  inclined  plane.  The  blow  thus 
imparted  to  the  last  marble  of  the  series  is  transmitted 
through  the  entire  series  to  the  first,  which  is  thrown  for¬ 
ward.  This  action  is  due  to  the  compression  of  the  marbles 
by  the  blow  and  their  restitution  by  their  mvu  elasticity  to 
their  original  form.  When  lead  bullets  are  substituted  for 
the  marbles,  the  force  of  the  blow  is  expended  In  perma¬ 
nently  changing  their  form. 


XOVKl.  toys. 


The  elasticity  of  torsion  and  tension,  the  storage  of 
energy,  centrifugal  force,  momentum  and  friction,  are  all 
concerned  in  the  movement  of  the  simnle  tov  illustrated 
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people  who  see  the  toy  realizes  the  composite  nature  of 
its  action.  Barring  the  well  known  return  hall,  nothing 
can  be  simpler  than  this  toy,  which  consists  of  two  wooden 
balls  of  the  same  diameter  connected  by  a  slender  elastic 
rubber  band  attached  by  staples,  as  shown  in  the  lower  figure. 

To  prepare  the  toy  for  operation,  it  is  only  necessary 
to  twist  the  rubber  band  by  holding  one  of  the  balls  in 
the  hand  and  rolling  the  other  round  in  a  circular  path  up- 
on  the  floor  by  giving  to  the  hand  a  gyratory  motion.  As 


hand,  then  both  are  released  at  onee. 

The  untwisting  of  the  rubber  band  causes  the  balls  to 
roll  in  opposite  directions  in  a  circular  path,  and  centrifugal 
force  causes  the  balls  to  fly  outwardly  By  virtue  of  the 
acquired  momentum,  the  balls  continue  to  rotate  after  the 
rubber  band  is  untwisted,  so  that  the  band  is  again  twisted, 
but  in  the  opposite  direction.  As  soon  as  the  resistance  of 
the  band  overcomes  the  momentum  of  the  balls,  the  rotation 
ceases  for  an  instant,  when  the  band  again  untwisting  re¬ 
volves  the  balls  in  the  opposite  direction,  and  the  operation 


In  Fig.  1 2  is  illustrate!  au«  *t h»  s  hall  m  «  hn  li  t hr  center 
of  gravity  is  iocntid  neat  tlir  pri  spin  *  \  I  hr*  !»,iSl,  w  im  f»  is 
hollow,  is  mack*  ol  paper.  I'**  the  iiirn-i  mii Ln  r  i*l  the  wall 
of  the  hail  is  attached  a  weight  «  fm  li  is  sn  mrd  m  place  by 
a  piece  of  eh)th  glued  over  it  When  this  hall  is  tinmen 
through  the  air  with  a  whirling  mott* m,  it  drs»  t  il»rs  a  curve 
like  tlmt  indicated  in  dotted  lines  m  the  tipper  part  of  the 
engraving1,  so  that  it  is  difficult,  it  n* *1  mipmsihlc,  t,»  ratch 
it.  When  the  ball  is  rolled  *m  ,i  plane  sm  fn«  r,  it  dors  not, 
take  a  straightforward  cotirsr,  as  would  l»r  rvpretrd  from  a 


«4  flCi, 


well-balanced  hall,  hut  its  *  uuisr  $%  v«*m  ruatn ,  *»s  indi¬ 
cated  in  dotted  lines  in  the  lown  part  *4  the  figure. 


in  the  engraving  appears  t*»  have  umrl  fr.stttrr**  w  hu  h  dis¬ 
tinguish  it  from  anv  of  its  |imlrtrss«*t  %, 

It  consists  of  u  card  Ik  art  I  disk,  hating  a  series  «»I  tilihqne 
slots  symmetrically  arranged  ,  the  *  .iidlnar  *1  firing  » tit  en- 
tirely  through  mi  one  of  ftsr  foiign  and  fu«>  «4  ilir  slioitrr 
sides  of  the  parallelogram,  ftin  .udUiard  thus  defat  !»rd  bring 
turned  up  at  right  angles  to  the  plane  of  the  car  d,  to  (< a rrt 
oblique  wings  or  vanes.  In  the  tenter  *4  the  disk  a  large 
coni  inon  put  is  seen  ret  I  hv  means  >  4  sealing  was,  t  he  heat  I  of 


to  form  the  pivot  of  the  top. 
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A  common  spool  is  used  as  a  mouthpiece  for  setting  the 
top  whirling.  Hie  spool  is  held  to  the  mouth,  the  pointed 
end  of  the  pin  is  inserted  loosely  in  the  bore  of  the  spool  and 
the  disk  is  held  up  by  very  light  pressure  of  the  finger  on  the 
pivot,  As  soon  as  the  disk  is  blown  upon,  the  finger  may  be. 


& 


gravity  and  of  crntdfuK.il  ft.rrr  h  tUttsti aicd  tn  F«^  i;. 
Fht*  experiment  here  tllii%i rated  t%  % rry  simple,  i*’*juir» 
ing  dir  its  execution  only  it  mhltrr  tmdurlla  riu#  and  a 
small  rod  or  smooth  string,  Thr  dug  »%  placed  mrr  tfir 
rod  and  twirled.  It  keeps  up  its  rotate *n  m  title  slowly 
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descending,  ami  it  will  persist  in  maintaining  its  motion 
when  the  rod  is  swung  like  a  pendulum  as  shown  at  2, 
By  dexterously  turning  the  rod  end  for  end  before  the  ring 
completes  its  excursion,  the  operation  will  be  reversed  and 
the  ring  will  again  travel  downward.  When  the  rod  is 
held  vertically,  as  at  4,  the  best  results  are  secured.  A 
smooth  string  answers  a  very  good  purpose  when  strained 
in  the  manner  shown  at  5,  /.  *.,  with  the  upper  end  of 
the  string  grasped  firmly  by  the  hand  while  the  lower  end 
is  held  to  the  floor  by  pressure  of  the  foot. 

This  experiment  is  capable  of  some  modification  ;  for 
example,  a  pure  rubber  tube  may  be  substituted  for  the 
string,  or,  with  a  rod  inserted  in  it,  it  may  be  substituted  for 
the  rod,  and  a  light  metal  ring  may  be  used  instead  of  the 
rubber  ring. 

The  explanation  of  the  behavior  of  the  rubber  ring  will 
be  readily  understood  by  reference  to  6,  from  which 
it  will  be  seen  that  the  line  of  contact  between  the  ring 
ami  the  rod  is  oblique ;  In  fact,  it  corresponds  to  a  portion 
of  the  spiral  described  by  the  ring  in  its  passage  down  the 
rod.  The  friction  due  to  the  pressure  resulting  from  cen¬ 
trifugal  force  prevents  the  ring  from  making  a  direct  line 
of  descent,  while  its  inclined  position  compels  it  to  take  a 
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earth’s  surface  from  the  poles  toward  the  equator  are  due 
in  part  at  least  to  centrifugal  force.  Any  body  revolving  in 
air  furnishes  a  partial  illustration  of  this  principle,  the  de¬ 
fect  in  the  illustration  being  the  absence  of  a  force  to  hold 
the  same  body  of  air  always  in  contact  with  the  revolving 
body. 

A  very  simple  and  effective  piece  of  apparatus  applied 
to  the  whirling  table  for  showing  the  effect  of  centrifugal 


Fig.  18. 


The  “Skeleton  Sphere.” 


force  on  air  was  described  some  time  since  in  a  foreign, 
scientific  journal.  The  writer  has  applied  this  apparatus  t0' 
the  scientific  top  (described  on  p.  14),  in  the  manner  fully 
illustrated  by  Fig.  20.  The  construction  of  the  attachment 
is  shown  in  Fig.  18,  and  Fig.  19  shows  the  direction  of  the 
air  currents. 

The  apparatus  consists  of  a  metal  tube  loosely  fitted  to 
the  stem  of  the  top,  and  provided  at  its  upper  end  with  a  tin. 
disk  four  inches  in  diameter,  with  four  quadrants  of  the 
same  material  attached  to  the  disk  and  tube  below  the  disk 
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nuiv  Ih*  used  -oi  two  vei  Inal  »  u  ♦  ui.u  dt*.k-<  min  *,'Ctmg 
eat*h  other  at  the  avis  «<!  *»"tutc«u,  lie  m-  Ihm  disks  tiring 
intersected  at  the  cquatoi  hv  anotltn  ,u  1  tght  angles  tu 
the  axis. 

The  tup  lining  in  rapid  itmtitm,  tlir  appaiahts  is  f dared 
upon  the  stem,  anti  being  re\olvr«l  at  the  sum-  tale  as  the 
top,  it  throws  out  air  at  the  equal* a  w  In*  li  is  1  otiiitmully 
replaced  by  air  drawn  in  at  the  poles  t  he  diiretiou  «•{  the 
air  currents  is  clearly  shmvn  hv  holding  a  lighted  w  ax  taper 
near  the  apparatus  at  the  poles,  and  at  tin*  equator,  as 
shown  in  Fig.  tq,  or  bv  creating  a  *1*1* *kr  m  f hr  \  1*  imt v  of 
the  top. 

A  paper  ring;,  |  inch  »»r  |  tin  h  u  sdr,  and  |  in*  Is  huger  in 
internal  diameter  than  the  spline,  is  suppoi  tr»l  In  the  out. 
rushing  air.  in  a  plane  neat l\  1  >*im  idmg  wills  the  equator. 
If  displaced  and  released,  St  immrdsatrh  trim  us  to  its 

original  position. 

AX  t  \t'f-  tO Ml  \  1  t\  U  of  s  i  o 

lit  the  annexed  engraving  i>»  sh< m  n  a  im  smiph*  ,md 
effective  method  of  indh  atmg  \rnhlt  t ie*  ml«i  .tlms  <4  a 
reed,  tuning  folk  or  diaphragm.  It  is  ie*t  a--sm» ed  that  it 
can  replace  any  ol  the  existing  method’*  *4  s  mdm  mg  %  cable 
indications  of  sonorous  vibiathms,  !*ui  11  adds  anotltn  %ny 
pretty  acoustic  experiment  f«*  the  lea  of  tin  or  ,iiir,-»«|y 
known. 

In  the  eugravtngare shown  tw  o  tutno  »»t  app.u  atu  *  w  Inch 
yield  practically  the  same  rr suits,  lit  one  ,1  irrd  p,  t  limpet! 
in  a  vise  at  one  end  and  provided  at  the  oth*  a  end  wills  slip 
of  wood  attached  firmly  hi  a  w rapping  of  itne.id,  f  <*  the 
wooden  slip  is  glued  an  ordinal  \  papn  pdl  box,  hating  a 
diameter  of'  almut  I  incites  and  a  depth  of  f  nu  h  to  1  tut  It. 
In  the  bottom  of  the  t urn  is  made  4  t  tm  h  hole,  in  «,!»««  h  is 
secured  the  end  of  a  pajww  tnlir,  *  im  h  in  diameter  and 
about  I  inch  long.  The  t  over  of  the  h<»%  is  pm  f.-iat  d  with 
a  *+‘  inch  round  hole,  If  the  matctbil  *4  the  *  um  is  *  oarse 
anil  thick,  a  larger  fade  is  made  and  over  It  is  glued  a  piece 
of  fine  thin  Bristol  Iwiard,  which  i%  perforated  4%  it  St  a 
inch  round  hole. 


W  I  \!i  KiMI  \  1  t\  AO  a'M'ICS. 


Iii  ! S»r  1h»\  thus  m  united  is  planed  a  strip  of  blotting' 
paper  brut  into  \  shape  and  tendered  m m-absorbent  at  the 
brail  1  *\  moms  m?  melted  u  a\,  paraffin  or  something  of  a 
similar  nature.  <  hie  rtul  ot  tin*  blotting  paprr  is  moistened 
with  Imlrot  bhn  it  .it  i* I  am!  tin*  othrr  witii  aqua  ammonia. 


VAit  st»,i  ,1(  i  v  Kitig**. 


The  pat  tides  <4  ammonium  chloride  which  form  by  the 
roiithttifilion  of  tlir  vapors  of  ammonia  anti  hydrochloric 
arid  arc  w»  minute  as  to  float  in  the  air  like  particles  of 
smoko 

When  the  rred  h  vibrated,  a  minute  vortex  ring  is 
formed  at  radi  excursion  of  the  box  and  thrown  off  in  the 
manner  illustrated.  A  reed  having  a  tow  rate  of  vibration 


box  on  ono  limb  of  (hr  folk  In  a  u right  on  the  nihn. 

In  the  sectional  \iev\  h  show  n  .»  « %  limit  it.  al  !«»%  t  oiisidcr- 
ahlv  larger  than  those  a  heady  d<-st  ubrd,  If  dntdrd  into 
two  compartments  by  n  thin  ntblirr  diaphiagm,  am!  closed 
at  the  front,  with  the  exception  *»i  ,1  %  im  It  tottud  aprittitc. 
Blotting  paper,  charged  with  In  *li m'ftiot  n  ,1*  »1  anil  am* 
nmnin,  is  placed  lirtwrrn  the  diaphi agin  and  tin*  aprr 
tured  front,  ami  muhhK  air  itifrtrd  m  t hr  *»fn  »s  f  fiilirs  pm. 
jeeting  from  the  box.  The  \  dilation  «»!  the  dtaphtagiu 
causes  puffs  ol  air  to  issue  ft  nut  the  .small  upettuic  at  the 
front  (if  the  b*  x,  carrying  the  fumes  »»l  ammonium  1  blot  idr, 
which  render  the  \ortex  tilths  visible,  Ilsr  sounds  nflrtrd 
are  necessarily  of  very  low  piti  In  If  the  \  dual  iott*<  a»c  t««i 
frequent  in  any  of  the  hums  of  this  rxpriimrut,  the  rings 
merge  into  each  other  ami  the  r-ftn  t  »s  lost.  In  the*  appar¬ 
atus,  a  mere  flutter  of  the  tongue  *»r  lips  gn  r%  go*«|  result*-. 

It  is  obvious  that  a  burning  substam  e  1  apahtr  of  yield. 


,\\  t>:\ft  KIMt'S  I  l\  »Uv*NAMt 


Nearly  every  one  must  have  h*\*»  d  1  he  t  aihrdi  al  1  luck 
gong.  Home  time  since  it  wax  applied  « *nl %  to  fttir  Tirttrlt 
and  English  clocks,  Imt  at  present  if  \%  Ittgrh  u*rd  m  the 
better  class  of  American  clocks,  Their  is,  luaunn,  a  giraf 
difference  in  these  gongs  and  in  the  way  in  <4  tm  h  they  are 
mounted,  and  a  t:orrcH}H  Hiding  ditfrmu  r  m  the  rounds  firry 
emit  when  struck.  A  gong  *4  undo* m  temper  .tlf.it  tied  to 
a  standard  of  suitable  weight,  in  mrU  histmrd  to  a  sound 
ing  board  of  sufheient  s»/r  and  tfm  kticss,  t%  capable  when 
struck  (if  producing  a  » otttposife  stf<»uglv  rrseni* 

bling  that  of  a  very  large,  liiwInatrSv  distant  musical  bell. 
To  avoid  a  harsh,  Hanging,  mrfallu  sound,  the  hammer 


Cl! 
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a  comparative!)  St  •If  striking  face,  consisting  generally  of 
a  linn  piece  n!  suit*  leather,  ll  one  listens  intently  to  the 
sound  of  our  uf  thrsr  gongs,  hr  will  be  able  with  little  dif¬ 
ficulty  to  detect  a  frw  of  the  many  tours  which  form  the 
very  complex  sound.  Hr  ran  readily  distinguish  a  very 
grave,  sulidurd  note,  also  a  sound  ol  high  pitch,  and  a  dis- 
cord,  but  tit*  uppt  oximatum  to  the  number  of  sounds  pro- 
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An  !\x|witftf*»t  to  Resonaoco. 

duced  by  the  gong  can  be  math*  without  a  resonator  which 

will  select  out  the  different  sounds  in  succession,  An  in¬ 
strument  ol  this  kind  h  shown  in  the  annexed  engraving, 

ll  consists  of  an  upright  tube  closed  at  the  bottom,  open  at 
thr  tup,  and  furnished  with  a  small  lateral  tube  at  the  bot¬ 
tom  for  receiving  a  flexible  fiilw  for  conveying  water.  In 
the  present  case  the  flexible  tube  is  connected  with  an 

t 


2tkH  r m.  m  ikm  i  uti  mu\ 

upright  tube  is  elevated  above  the  level  nl  the  table,  mi  that 
its  full  length  mav  be  utilized  as  a  trsonnlui.  I'hetafhe 
dial  gong  used  in  this  experiment  u  as  a  stnall  one,  tunned  ot 
a  rod  of  steel  nne-eighth  inch  u  idc,  otic  sixtecuth  iiu  It  thh  k, 
and  about  thirty  unites  in  length,  formed  in  a  spiiul  of  about 
three  turns,  the  outer  etui  being  seemed  to  .m  atm  pro- 
jeetiiig  upward  from  a  heuw  metal  t  ap  testing  on  tin*  top 
of  the  resonator.  The  hole  in  the  t  ap  is  somewhat  smaller 
than  the  mouth  of  the  t esonatur. 

The  gong  being  struck  at  a  point  near  its  fixed  end  hv  a 
small  soft  rubber  mallet,  is  set  in  vibration.  As  the  sinking  is 
repeated  at  frequent  intervals,  the  pail  t  ontaiuiug  the  w.strt 
is  raised,  causing  tin*  water  to  ll  w  tjtdrtlv  into  the  irsoint 
tor,  gradualh  diminishing  the  length  ol  tlte  oihnttu  ot  a$i 
eontained  l»y  the  tube.  When  the  length  of  the  air  t  *  *luum 
is  sueh  as  to  respond  to  any  pat  ticnlat  nttfr,  that  n**tr  i*. 
re-enlorced  so  as  to  lieenme  prominent,  lit  this  manuet 
one  note  aftei  another  is  brought  out,  until  the  last  ,md 
highest  is  hearth 

Bv  lowering  the  pad  and  allowing  the  wafrt  to  return  to 
it  from  the  resonator,  tin*  re-enforced  sitmth  vv  dl  hr  In  aid 
in  reversed  order.  As  many  as  eight  tones  will  U*  hr.it d 
prominently,  while  with  more  rare  still  othet  x  will  be*  heat  el, 
thus  showing  the  complex  character  of  the  sound  pjudm  ed 
by  the  gong,  and  showing  clearly  the  reason  of  the  hai 
monious  and  pleasing  effect  which  has  made  them  so  popu¬ 
lar. 

By  skillfully  using  the  mouth  as  a  resonator,  most  of  the 
tones  may  be  separated  out  so  an  to  lie  readily  distinguished 
by  the  operator. 

LANTERN  SLIDE  U.l.tts IHATtNo  Silt' Mi  SV.tVKs 

In  demonstrating  the  theory  of  sound,  it  is  usual  to  illus¬ 
trate  the  condensations  am!  ru  refactions  of  air  which  produce 

sound  waves  by  tight  and  dark  funds,  which  give  an  idea  of 
the  condition  of  the  air  at  any  instant  in  which  it  is  trans¬ 
mitting  sonorous  vibrations.  But  these  bands  do  not  repre¬ 
sent  the  progression  of  the  sound  waves.  For  an  illustration 


!  \ \  1  I  I*. \  s 1  I J  *1  1 1  {  ?  "» I  li  \  I  I  Ns ,  s( »}  \{«  WAV’ i:s,  >{ 

pmdm  *d  »*u  llir  mu  Lit,  e  m|  4  mill  j»utu{  h\  ,t  prhhlr  tin i{ »j kw! 
in  tin*  watet ,  l  hr.  Imi-  its  v  „dttr  upun  tin*  student 

ha\  mg  noticed  Hu-  null  |*Miid  phenomenon  and  upon  his 

ability  to  rr.di/r  that  f l*r **«•  ^pleading  rings  relate  only  to 
the  fe.it in e  **t  pi ojj i  r-.w.  m  4%  if  would  present  itself  in  a  sec¬ 
tion  taken  tliiMiiyii  4  *»Mund  ,|»lu  ir  hi  .in y  plane  that  would 


J  1 1. 


HHulr  l«t  t  itfiifwrie  Wave*. 


intersect  the  «  rtitrr  of  the  sphere  at  which  is  located  the 

Wittier  »»l  hi  HI  till. 

I  he  nici  h.iiitt  ,il  slitlr  shown  in  Fig.  21,  when  projected, 

is  capable  til  producing  *111  the  screen  a  series  of  concentric 
rings  of  light  atnl  shade,  representing  the  condensations  and 
rarefaction?*  of  a  Hitccexaiou  of  sound  waves,  and  these  waves, 
lirgsiifiiiig  at  the  center*  constantly  enlarge  in  circumference 

until  they  disappear  at  the  periphery  of  the  disk,  This  effect 
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is  produced  bv  means  oi  two  thin  metal  disks  arranged  to 
revolve  on  the  same  axis,  and  eaeh  provided  w  ith  a  sjdral 
slot  extending  from  center  to  periphen  .the  slot  ul  one  disk 
being  oppositely  arranged  with  respect  to  that  ol  tin*  other 
disk.  One  disk  is  secured  to  a  sleeve  which  fits  tut  a  stud 
supported  bra- lived  bar  extending  across  the  opening  o(  the 
slide.  The  other  disk  turns  on  the  sleeve.  The  sleeve  and  the 
disk  which  turns  upon  it  are  each  provided  with  a  small  pul¬ 
ley.  One  of  these  pulleys  is  slightly  latter  in  diametei  than 
the  other,  so  that  when  the  two  disks  are  piujerted  and 
revolved  rapidly  in  the  same  direction,  one  turning  at  a  very 
slightly  increased  speed  causes  the  points  ol  intersect  ion  of 


the  spiral  sluts  to  move  outwardly  and  thus  produce  on  the 
screen  a  series  of  light  rings.  which  int  i  ease  in  diameter  like 
mill  pond  waves.  To  cans**  tin*  light  rings  and  intervening 
dark  rings  to  bleml  into  each  other,  the  slide  is  thrown  a 
lit!  It:  out  of  focus. 

To  show  interference  of  sound  waves  two  images  of  the 
slide  may  he  projected,  one  being  superposed  on  the  other 
as  shown  in  Fig.  24.  This  is  easih  done  by  arranging  at  a 
suitable  angle  in  front  of  the  lantern  objective  a  series  <4 
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tirst,  or  it  may  hi*  made1  to  overlap  the  first  image  so  as  to 
produce  the  interference  effect  shown  in  Fig.  24.  In  this 
ease  the  centers  or  wave  source's  arc  separated  more  than 
the  semi-diameters  of  the  disks,  and  the  interfering  waves 
approach  each  other  from  opposite  directions.  In  Fig.  26 

Fn;.  25. 


'  1  * 

ArraiiK*'f»uMil  lor  laojreting  Two  Images  of  the  Slide. 

are  shown,  diagnunmutieaily,  superposed  wave  disks  with 
centers  one  w  ive  length  apart.  The  waves'  “crests"  coin¬ 
cide,  and  iv.culoreemeut  along  a  line  joining  the  two  centers 
is  the  result.  ! f  the  centers  were  a  half  wave*  length  apart, 


the  “  crests  "  would  alternate,  and  one  set  of  waves  would 
neutralize  the  other. 

In  Fig*.  27  are  shown  diagram  mat  ically  two  disks  of  dif¬ 
ferent  size  produced  by  dividing  the  beam  before  it  passes 
through  the  objective,  projecting  the  two  parts  of  the  beam 
with  objectives  of  slightly  different  power.  In  this  case, 
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owing  to  the  difference  iu  the  si/e  o(  the  disk's  tin*  irlativr 
velocities  of  the  wave  rings  differ,  so  that  the  waves  of  one 
series  overtake  the  waves  of  t he  other  series  at  a,  tints  illus¬ 
trating  the  phenomenon  of  heats. 

This  apparatus  also  illustrates  that  the  iuteusit v  of  sound 
is  inversely  as  the  stpiare  of  the  distance  front  the  ear  of 
the  source  of  sound.  It  is  easily  shown  by  actual  measure, 
meat  on  the  screen  that  the  sound  at  a  certain  distant e  front 
its  source  must  have  lour  times  the  intensity  it  would  ha\ e 
at  double  the  distance,  since  the  same  volume  of  sound  at 
twice  the  distance  must  hr  spread  out  over  four  times  the 
area. 

The  effect  of  difference  in  pit t  It  t  an  be  illustrated  bv 
using  two  lanterns  ami  t wo  slides  of  slightiv  different  cote 
struetion,  or  t  wo  lantei  m*  with  objectives  of  different  mag¬ 
nifying1  power,  with  slides  of  the  same  construction,,  These 
could  be  more  easily  manipulated  than  the  apparatus  In 
which  the  light  beam  is  divided  iu  the  same  lantern.  Again, 
the  effect  may  be  still  further  vaued  by  using  a  lightly  rob 
ored  glass  screen  over  tin*  slide  iu  one  or  both  lanterns. 
These  may  be  of  the  same  color,  or  of  different  colors, 
chosen  with  a  view  of  show  ing  more  clearly  the  interfer¬ 
ence  of  the  hands. 

It  is  obvious  that  the*  same*  results  tuny  U*  secured  bv  flit* 
use  of  different  apparatus;  for  example,  in  one  side  of  a  ro¬ 
tating  disk  may  be  made  a  semicircular  aperture  over  which 

is  placed  a  disk  with  equidistant  perforations  near  its  pet b 
phery,  and  this  perforated  disk  may  be  made  to  rotate 
slowly  on  the  rapidly  revolving  disk  by  means  of  suitable 
worm  gear  carried  by  the  disk  and  engaged  by  a  worm  or 

screw  at  the  center  of  the  slide. 

THK  SCIKNTtHi  tlsK  of.  ntK  J*H<  »N«  UiHAt'H. 

The  phonograph  in  its  perfected  state,  although  a  seien* 
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action,  some  of  them  being  illustrative  of  the  phenomena  of 
the  phonograph  it sc*ll. 

Mr.  lulison  in  the  multitude  of  his  cares  finds  no  time  to 
develop  the  purely  scientific  applications  of  this  most  inter- 
cstiug  invention,  lie  has,  therefore,  delegated  this  pleas¬ 
ant  task  to  the  writer,  who  has  given  the  subject  considerable 
attention,  and  has  devised  a  series  of  phonographic  experi- 
ments,  some  o(  which  are  shown  in  the  annexed  engrav¬ 
ings.  The  one  given  first  seems  best  calculated  to  illustrate 
and  explain  the  action  of  the  phonograph. 

The  instrument  shown  contains  all  the  recent  improve¬ 
ments.  The  phonographic  record  is  made  on  a  hollow 
cylinder  of  wax-like  material.  This  Cylinder  is  fitted 
to  a  cone  mounted  on  the  screw  shaft,  turning  on  two 
pointed  bearings,  one  of  which  is  hxed,  the  other  being 
supported  by  a  swinging  arm,  seen  at  the  right  hand  end  of 
the  machine  in  the  engraving.  This  construction  permits 
of  placing  the  record  cylinders  on  the  cone  and  removing 
them  quickly  and  without  the  necessity  of  making  any  ad¬ 
justments.  'fhe  screw  shaft  is  provided  with  a  loose  central 
bearing,  which  holds  it  up  when  the  end  bearing  is  swung 
around. 

On  a  fixed  rod  arranged  parallel  with  and  behind  the 
screw  shaft  is  placed  a  sleeve  which  carries  at  one  end  a 
spring  arm  provided  with  a  segment  of  a  nut,  which  rests 
upon  the  threaded  portion  of  the  screw  shaft.  To  the  other 
end  of  the  sleeve  is  attached  a  curved  arm,  which  reaches 
over  the  record  cylinder  and  supports  the  diaphragm  cell. 

"ri. ..  .*«  a**...!  ..  _ 1  •  . . . .....i 
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soft  ii.bl.or  riu-s.  To  tho  center  ol  ll.o  is  con 

netted  a  stud,  to  which  is  pivoted  <mo  end  ol  the  in  or,./. 
Tho  opposite  ond  o(  the  lever  is  forked.  One  aim  ol  the 

fork  carries  the  reproducing  stylus,  and  I  lie  other  eat  ties 
the  recording  stylus,  r.  Those  styluses  are  intide  ol  sap 
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phire,  a  material  which  ranks  next  to  the  diamond  m  the 
scale  of  hardness.  The  reproducing  stylus  is  a  miaoKcupie 
sphere  or  knob,  perfectly  smooth  and  highly  polished.  The 
recording  styles  is  cup-shaped  upon  the  end  which  cuts 
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the  •  ee<ud  t  \  liuder,  ami  is  provided  with  a  very  keen 
edge. 

I  lu*  lr\ it,  ♦/,  is  pivoted  at  or  near  its  renter  in  a  stud 
projta  tin"  tiMiii  the  weighted  lever,  t/f  whirh  is  delicately 
hinged  t>»  the  upper  part  of  the  diaphragm  cell,  its  lower 
end  bring  flee  to  move  within  certain  limits.  This  con¬ 
struction  permits  the  recording  and  reproducing  styluses  to 
hdlow  the  sutlaee  ol  the  cylinder  whether  it,  is  perfectly 
true  or  not,  h  also  allows  the  recording  and  reuroducing 

i  t'., 
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apparatus  to  adapt  itself  automatically  to  cylinders  of  dif¬ 
ferent  diameter. 

It  u  ill  be  seen  that  the  lever,  a,  is  one  of  the  first  order, 
with  it  movable  fulcrum,  and  that,  whenever  the  free  end  of 
tie*  level  is  ut  *ved  upward  by  the  projections  of  the  record 
i  \  Under,  it  tends  to  lift  the  weighted  lever,  d\  but  owing*  to 
the  inertia  of  thin  weighted  lever,  it  Is  unable  to  follow  all 
the  movements  of  the  lever,  */.  As  a  consequence  the  mo¬ 
tions  of  the  latter  in  the  reproduction  of  speech  are  imparted 
to  the  tli  iphrugm.  In  making  a  record,  the  reverse  of  this 
occurs,  #.  t\%  the  rapid  motions  of  the  diaphragm  are  im- 
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parted  to  the  reproducing  stylus,  which  cuts  in  the  record 
cylinder  a  groove  with  depressions  and  elevations,  which 
taken  together  correspond  in  form  to  the  sinusoidal  curve 
which  would  represent  the  sound  waves  by  which  the 
vibratory  movements  of  the  recording  mechanism  were 
produced. 

The  arm  carrying  the  diaphragm  cell  also  supports  an 
adjustable  turning  tool  of  sapphire,  which  is  arranged  to 
‘turn  off  the  cylinder  simultaneously  with  the  production  of 
the  record.  This  tool  is  arranged  to  automatically  dis- 
engage  itself  from  the  cylinder  when  the  reproducing  ap¬ 
paratus  is  thrown  in  place. 

The  phonograph  cylinder  is  rotated  by  a  very  perfect 
electric  motor,  regulated  by  a  sensitive  governor.  To  the 
perfect  regularity  of  the  motion  of  this  motor  much  of  the 
success  of  the  phonograph  is  due,  especially  in  the  repro¬ 
duction  of  music,  where  the  slightest  acceleration  or  retard¬ 
ation  would  reveal  itself  in  changes  of  both  pitch  and  time. 

By  applying  to  the  phonograph  two  very  simple  attach¬ 
ments,  the  vibrating  flames  of  Koenig  may  be  produced  by 
the  movements  of  the  diaphragm,  so  that  the  character  of 
the  phonographic  record  may  be  readily  understood.  One 
of  these  attachments  consists  of  two  glass  tubes  inserted  in 
a  perforated  cork,  one  of  the  tubes  terminating  in  a  slender 
nozzle,  the  other  being  connected  with  a  gas  supply  by  a 
flexible  rubber  tube.  The  perforated  cork  is  inserted  in  the 
opening  of  the  mouthpiece,  so  that  gas  may  flow  into  the 
diaphragm  cell,  and  out  through  the  small  nozzle,  at  the 
point  of  which  it  is  ignited,  forming  a  long  narrow  flame. 
In  front  of  the  nozzle  is  arranged  a  screen  of  sufficient  height 
and  width  to  hide  the  flame. 

The  other  attachment  consists  of  a  prism  carrying  on 
each  of  its  four  sides  a  plane  mirror  and  mounted  on  a 
spindle  having  upon  its  lower  end  a  friction  wheel,  which 
is  revolved  by  contact  with  the  boss  of  the  pulley  on  the 
main  shaft  of  the  electric  motor.  The  spindle  of  the  mirror 
is  journaled  in  a  sleeve  supported  by  an  arm  connected 
with  the  pointed  rod  forming  the  upper  bearing  of  the 
motor  shaft. 
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Arranged  in  this  manner  the  mirror  revolves  whenever 
the  phonograph  is  operated.  So  long  us  the  diaphragm 
of  the  phonograph  remains  tiuieseent  the  slender  flame  is 
undisturbed,  ami  the  rev  oiviug  mtrmr  refleets  only  a  plain 
turn!  of  light;  hut  u  hen  tlie  diaphragm  is  vibrated  by  the 
contact  uf  the  rcprodrcingMvlus  with  the  fare  of  the  record 
cylinder,  ev  erv  project  ion  ot  the  record  pushes  the  dia¬ 


phragm  outwardly,  thus  forcing  the  gas  outward,  acceler¬ 
ating  t H  H  ivv  through  the  nozzle,  thereby  elongating  the 
flame,  while  every  depression  of  the  re  eon!  allows  the  dia¬ 
phragm  to  move  inward  hv  its  own  elasticity,  thus  drawing 
flu*  gas  inwardly,  effecting  a  retardation  of  the  flow  of  gas 
through  the  nozzle,  thus  causing  a  sinking  of  the  flame. 
These  changes  in  the  length  of  the  flame  take  place  with 
such  rapidity  that  no  c  hange  in  the  character  of  the  flame 
h  observable  with  the  unaided  eve,  unless  the  eyes  are 
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quickly  turned  from  side  to  side,  when  the  vibratory  nature- 
of  the  flame  will  appear;  but  no  satisfactory  analysis  of  the 
flames  can  be  made  in  this  way.  They  must  be  viewed  in 
the  revolving  mirror  to  determine  their  true  form  and  the 
relaxation  of  the  crests  and  hollows  of  the  flame  waves. 
These  flames  represent,  in  a  greatly  exaggerated  form,  the 
shape  of  the  projections  and  depressions  of  the  phono¬ 
graphic  record.  Every  vowel  produces  a  characteristic 
series  of  waves  or  flames,  the  images  of  which  are  spread 
out  by  reflection .  from  the  revolving  mirror.  Musical 
sounds  from  different  instruments  yield  flames  differing 
from  those  formed  by  vocal  sounds.  A  song  produces  a 
rapid  succession  of  flame  images,  which  constantly  vary  in 
form  and  size. 

As  an  aid  to  the  understanding  of  the  phonographic 
record  and  the  action  of  the  phonograph,  nothing  can  excel 
this  simple  device. 

Among  the  different  motors  applied  to  the  phonograph, 
the  water  motor  and  the  electric  motor  seem  preferable  for 
scientific  use. 

The  electric  motor  is  represented  in  Fig.  30,  removed 
from  the  case,  a  part  of  the  plate  by  which  it  is  supported 
being  broken  away  to  show  the  commutator.  The  field 
magnet,  A,  is  formed  with  four  polar  extremities  alternating 
as  to  polarity,  and  the  armature  consists  of  a  ring,  B,  of  the 
Pacinotti  type,  with  a  laminated  core.  The  armature  shaft 
is  journaled  at  the  bottom  in  a  step  formed  in  the  yoke  of 
the  field  magnet,  and  at  the  top  on  a  point,  C,  supported  by 
an  arm  projecting  upward  from  the  base  plate  of  the  instru¬ 
ment.  The  ring  and  the  commutator  are  divided  into 
twenty-four  sections,  the  connections  of  which  are  arranged 
to  produce  four  poles  in  the  armature.  The  commutator 
brushes  are  held  90°  apart  by  a  curved  vulcanite  bar,  D, 
supported  by  an  adjustable  arm.  The  motor  is  shunt- 
wound,  and  adapted  to  a  two-ampere  current  having  a  pres¬ 
sure  of  two  volts.  It  may  be  operated  by  a  primary  or  a. 
secondary  battery ;  the  latter  is  preferred  for  use  in  places, 
affording  facilities  for  recharging,  although  the  primary 
battery  furnished  with  the  instrument  is  easily  mounted,  and 
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yields  Hullu  irul  «.  tin  rut  tor  about  thirt  \  hum  s’  use  with  one 

charge. 

The  armature  shaft  is  ptovidrd  with  a  pulley,  K,  which 
driv es  flu*  ttitvn uni ,  F»  and  with  a  small  pulley  arranged 
hrlnvv  the  pulley,  K,  and  connected  with  tin*  pulley,  (1,  cm 
the  horizontal  |*ht **i» shaft  bv  means  uf  a  belt  whose 
direction  is  changed  bv  tun  guide  pulleys. 

rite  govern* »t  ts  show  n  on  an  enlarged  scale  in  Fig.  Jl.  It 
is  letit.trkabh*  both  fur  its  simplicity  and  the  accuracy  with 
winch  it  control**  the  speed  of  the  motor.  On  the  wooden 
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bane  is  mounted  the  vertical  frame  of  the  governor,  in  which 
is  journaled  a  swindle,  having  near  its  lower  extremity  a 
pulley  for  m  eh mg  the  hell  front  the  pulley,  1%  on  the  mo¬ 
tor  shaft.  To  the  upper  part,  and  on  opposite  sides  of  the 
spindle,  are  secured  two  springs  which  extend  downward. 
Their  lower  ends  ate  se<*tired  to  the  flanged  sleeve,  a.  To 
the  iron  frame  **f  the  governor  is  secured  a  brush,  b%  which 
hears  continually  on  the  sleeve,  a.  The  regulating  device, 
If,  consists  of  a  curved  spring  supporting  the  brush,  r. 
Aitove  this  brush  is  arranged  a  spring  arm  which  is  made  (o 
Itear  upon  ami  change  the  position  of  the  brush,  r,  by  turn¬ 
ing  the  milled  nut,  */. 
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When  the  flange  on  thr  sleeve.  «/,  turn  hr*,  tin*  brush,  c, 
the  entire  current  of  thr  batten  ll-nv  s  unimpeded  thiough 
the  motor,  hut  when  tin*  speed  <  .1  the  govriuoi  int  ir.isrs  in 
the  slightest  decree,  the  hulls  itir  thorn  n  riiin ,ii«l  i»\  ten 
tri  force,  thus  bowing  the  spi  ings  out  u  .t  f « 1 1  %  and  lilt, 
ing  the  flanged  sleev  e,  u,  Imm  the  lu  ush.  * ,  causing  the  cur- 
rent  to  flow  through  a  .small  resistance  at  ranged  underneath 
the  base  of  tlurgovernor,  thus  dimmishing  the  cur  rent,  con¬ 
sequent  1  y  pre  ve  u  t  i  n  g  any  increase  * *1  ‘.pee* I  in  fin*  motor, 
Usually  this  sensitive  govet  m»r  keeps  up  «m  im  rvuiiS  slhtt 
mg  of  the  current,  giv  ing  the  ai mature  a  mu  *  essum  «.f  httle 
impulses  whose  aggregate  and  average  rffn.  t  is  to  maintain 
an  almost  absolute  rotation  of  the  govn tun  and  phono, 
graph  eylinder  connected  tlu-teu  if  I* 

With  a  un»tor  having  a  g*  *v  vi  mu  <»i  this  t  hat  a*  In  if  is  a 
matter  of  little  eotisequtstu  e  whether  thr  balfri  *  uvi|  j , 
constant,  provided  it  has  a  mii plus  of  p* m  n  .  I  «»  ntih/r  the 
phonograph  for  the  purpose  ol  mra  an  mg  tliflnntl  intervals 
of  time,  it  is  not  oulv  ttreessat  v  to  pj *»v  idr  means  f< u  ton 
trolling  the  velocity  of  the  ter  old  *  v  hudri ,  but  also  t* »  have 
a  ready  means  of  standardizing  the  phonograph,  and  t  l»n  k- 
ing  its  motion  at  every  tin oiutiou,  . *i  at  least  Si  eqtumtiv, 
and  means  for  producing  impressions  at  minute  mtrt  vats  for 
comparison  with  the  records  to  t»r  measured. 

AH  these  results  are  set  umi  In  the  appal  at  us  figured  in 
Fig*  J2*  jj  and  jf,J.  Fig,  3,*  show  S  tin-  genei  a!  a?  1  .titgriurii! 
of  the  phonograph,  and  Fig.  Jj  is  a  pLm  \jr«,  -.how  tug  thr 
circuit  closer  of  the  phouogiapltn  iilmdri,  In  the  hat  fo 
ground  of  Fig.  3 » is  show  u  a  pendulum  heating  nu  umK  and 
provided  at  the  Irottom  with  a  turn  uiral  t  onf.w  t  !<*t  t  fusing 
the  circuit  every  time  the  peuduhmt  ♦.«  mgs,  1  hr  phutiu. 
graph  cylinder  is  surrounded  In  a  v  uh  amir  ring,  a.  at  its 
larger  end,  vvhieh  carries  ,»  mrt.dlu  l»,n  .1;  i.itigrd  p.iialiel 
with  the  axis  of  the  tv  hndei .  '(  ««>  tuut.it  t  spr  mgs,  /*,  A  , 

arrangetl  to  press  upon  the  t mg,  a,  .0 r  sr*  mni  to  the  phono, 
graph  frame,  hut  insulated  tlu-i  -imm,  1  he«,r  springs  aie 
in  parallel  cirt  utt  with  the  pendulum,  and  m  tie*  t  <mdtu  tor 
leading  from  the  peiiduhtm  and  thr  sp* mgs  t • «  thr  /me  j»ole 
of  the  battery  is  inserted  a  l*rl«,»  A  he % ,  e*  m«  laded  m  a 


by  the  pendulum.  tlir  circuit  dicing  springs  on  the  phono¬ 
graphic  cylinder,  nr  the  key.  and  these  may  be  made  to  act 
simultanemndv  or  at  different  times.  As  the  phonograph 
cylinder  revolves  ordinarily  at  the  rate  of  two  revolutions 
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per  second,  thus  dosing  the  circuit  «*?  the  hi  11  tu  nr  r.tt'U 
sccont l,  mu l  us  tin1  pendulum  t  1,  isrs  ( hr  i  in  siit  usu  i  i  .u  *  J  ^ 
second,  it  is  neccssurv  to  cattle  these  tw<>  t  on! at  t  *■»  t>«  j * t ~ *  »«, 
(luce  but  a  single  stroke  upon  the  hell.  It,  .1!  r\ci\  abet  no  t  <,* 
revolution  of  the  phonograph  e\  liuder,  the  cm  nit  P  iu,| 
laced  simultaneously  bv  thr  springs,  P  /• ,  ami  the  pnul  u_ 
lum,  and  the  phonograph  cylinder  tails  behind  m  gains  iqu  >n 
l lie  pendulum,  it:  will  be  indicated  In  a  double  stiohr  of  tlu» 
bell.  Perfect  synchronism  can  be  secured  In  trgulalitu*  t  h  c* 
phonograph  governor. 

Between  the  bell,  r,  and  the  diaphi.igm  cell  m!  tin  phmjt  >„ 
graph  is  suspended  a  funnel,  1  «•  aSImv  the  aim  * *f  tin* 
phonograph  to  move  freely,  it  is  connected  with  thr  phono¬ 
graph  cell  by  a  flexible  tube.  In  liont  of  the  tunnel,  and  ut 
the  side  of  the  bell,  r,  is  arranged  a  pair  of  w  histlrs  tuned  *><  > 
as  to  give  beats  10,  50,  or  loo  to  the  second,  so  tli.it  while? 
the  bell  records  the  half  second,  the  beats  of  the  whistle  will 
make  impressions  upon  the  cvlinder  representing  trntliK* 
fiftieths  or  hundredtlisof  a  second.  To  prevent  a  piohmgocl 
sound  from  the  bell,  it  is  damped  bv  stiett  liiug  over  it  si 
rubber  band. 

Personal  equation  is  determined  by  means  1  if  a  k«o  w  hi*  *  li 
closes  the  circuit  on  the  brtf  independently  »4  thr  photic  »- 
graph  or  pendulum,  and  any  of  the  \ annus  known  twf  hot  Ik 
of  determining  personal  equation  tii.n  be  adapted  to  t lie* 
phonograph.  By  employing  visible  signal**,  the  1  eaial  per¬ 
ception  may  be  tested.  In  a  similar  wav ,  by  means  of  auclt- 
ble  signals,  the  activity  of  the  audtfo*  \  appaiatiis  mm  I  »«* 
ascertained.  By  suitable  appliances  thr  scire  *4  ban  h  t  »ui 
also  be  tested.  Other  measurement*,  tun v  be  made  bv  mr.uis 
of  a  bell  or  other  equivalent  dev  it  e  deta*  Imd  liont  1 1 1 1 * 
phonograph  and  connected  with  the  apparatus  In  whit  lit  tic* 
circuit  is  controlled,  as,  for  example,  thr  grating  ts%»-d  in 
testing  the  velocity  of  a  Irnllrb 

It  is  obvious  that  for  very  high  speed*,,  as  tsi  tli**  t  .c,c  *  »t 
a  bullet,  it  is  necessary  to  h»n  c  two  diiinrtit  mag  net  >.  f*  *  t 
making  the  record,  one  for  the  stall  and  thr  othn  p.j  t!u* 
stop,  so  that  if  a  bell  were  Use* I  t here  would  hr  l  vc  o  magnet  *■*'*» 
two  armatures,  and  two  bell  hammer*.  It  is  » il  n  h  ut  %  1 1 1 ,  r  t 
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most,  if  not  all,  of  the  measurements  possible  with  the  ordi¬ 
nary  chronograph  may  be  carried  on  in  connection  with  the 
phonograph.  The  record  can 
be  easily  read  so  as  to  inter¬ 
pret  the  measurement,  by  turn¬ 
ing  the  phonograph  cylinder 
very  slowly.  In  case  of  very 
high  velocities,  it  is,  of  course, 
necessary  to  run  the  phono¬ 
graph  as  rapidly  as  possible, 
and  to  provide  a  pair  of  whis¬ 
tles  of  higher  pitch,  so  that 
the  sounds  will  be  perceptible 

when  the  speed  of  the  phonograph  cylinder  is  reduced  tor 
the  purpose  of  reading  the  record. 

One  of  the  uses  to  which  the  phonograph  is  peculiarly 


Fig.  34. 


Whistles  for  Producing  Beats. 


.-adapted  is  measuring  the  velocity  of  sound.  From  the  nature 
-of  the  instrument  it  is  necessary  that  the  sound  be  propagated 
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iii  a  confined  space,  and  that,  this  space  bc^in  and  end  at  the. 
mouth  piece  of  the  phonograph,  to  allow  of  making  two  dis¬ 
tinct  records  on  the  wax  cylinder,  one  of  the  sound  as  it  is 
made  directly  in  the*  mouth  piece,  the  other ot  the  same  sound 
after  it  has  traveled  through  the  tube*  and  returned  to  the 
mouth  piece. 

The  accessories  for  this  experiment  arc'  few  and  simple. 
The  funnel,  or  auxiliary  mouth  piece,  is  in  this  case  connected 
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mouth  piece  is  placed  a  bell,  which  is  damped  so  as  to  pm- 
duce  only  a  momentary  sound. 

The  phonograph  is  .set  in  operation  in  the  usual  way,  with 
the  record  cylinder  revolving  at  a  speed  of  say  two  revulu 
tions  per  second.  Now  if  a  sound  of  sufficiently  short  dm  a 
tion  is  produced  by  the  bell,  the  two  records  made,  one  by 
the  sound  entering  directly  into  the  phonograph  mouth  piei  c, 
the  other  by  the  sound  traveling  through  the  long  pipe  hetmr 
reaching  the  mouth  piece,  will  be  distinct  and  separable  on 
reproducing  the  record  with  the  cylinder  revolv  ing  at  a 
slower  speed,  say  sixty  revolutions  per  minute.  1  he  infer  \  at 
between  the  records  may  be  accurately  measured  in  the 
manner  previously  described. 

In  this  way,  knowing  the  length  of  the  tube,  the  velocity 
of  the  sound  in  the  tube  is  readily  ascertained.  A  tube  fitly 
feet  long  will  show  an  interval  between  the  records  of  one 
twenty- third  of  a  second  when  the  phonograph  cvlmdr* 
makes  two  revolutions  per  second.  This  is  an  appreciable 
interval,  but  when  the  speed  of  the  cylinder  is  retfueed  out 
half,  the  record  shows  double  the  interval.  The  interval 
may,  of  course,  be  increased  by  lengthening  the  tube,  am!  »t 
may  be  made  more  apparent  by  increasing  the  speed  of  the 
phonograph  cylinder  while  recording,  and  greatly  retim  ing 
the  speed  while  reproducing  the*  record. 

The  well  known  experiment  in  which  the  interference  of 
sound  waves  produces  silence  may  be  readily  adapted  to  the 
phonograph.  The  double  tube  is  connected  In  one  end  with 
the  phonograph  mouth  piece,  and  by  the  other  with  an  cm 
piece.  A  record  of  a  continuous  musical  note  being  in  place 
on  the  phonograph,  and  adjusted  so  as  to  give  a  continued 
sound,  the  length  of  the  adjustable  tube  is  increased  unlit 
the  waves  in  that  branch  travel  through  half  a  nave  length 
more  than  those  in  the.  other  brunch,  Under  these  condition 
the  waves  from  the  two  branches,  meeting  in  opposite  phase-, 
in  the  ear  tube,  neutralize  each  other,  and  silence,  or  a  t  her 
approximation  to  it,  is  the  result. 

In  Fig.36  is  shown  a  simple  device,  by  means  of  which  the 
conductivity  of  gases  for  sound  may  be  tested.  A  flexible 
gaslight  tube  is  connected  by  one  end  with  the  plumogruplm 
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■diaphragm  cell,  while  the  opposite  end  of  the  tube  is  attached 
to  an  ear  piece  consisting  of  a  diaphragm  cell  provided  with 
a  very  thin  rubber  diaphragm.  In  the  side  of  the  flexible 
tube,  at  opposite  ends,  are  inserted  smaller  rubber  tubes  for 
'•changing  the  gas  in  the  flexible  tube.  Each  of  the  small  tubes 
is  provided  with  a  pinch  cock  for  shutting  off  the  gas-  in  the 
larger  tube. 

When  the  tube  is  filled  with  air  the  sound  is  conveyed 


with  perceptible  diminution.  When  hydrogen  is  substituted 
for  the  air,  the  sound  is  diminished  so  as  to  be  scarcely  au¬ 
dible.  Other  gases  produce  different  results. 

Man}’’  of  the  experiments  in  sound  commonly  performed 
by  the  vocal  organs,  in  connection  with  some  mechanical  de¬ 
vice,  may  be  carried  on  to  advantage  by  the  aid  of  the  pho¬ 
nograph.  When  the  mouth  is  used  it  is  difficult  to  secure 
continuous  or  variable  sounds  without  producing  puffs  of  air, 
which  are  fatal  to  the  experiment,  whereas  in  the  case  of  the 
phonograph  these  puffs  are  absent.  Take  for  example  the 
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beautiful  experiment  of  the  vibrating  soap  film.  It  is  almost 
impossible  to  produce  continued  vibrations  by  means  of  the 
vocal  organs ;  but  it  is  a  simple  matter  to  secure  uniform  re¬ 
sults  when  the  vibrations  are  produced  by  the  phonograph. 

To  carry  out  this  experiment  in  connection  with  the 
phonograph,  it  is  necessary  to  first  produce  a  record  of  the 
required  sounds.  A  thistle  tube,  made  in  the  form  shown 
in  Fig.  3 7,  is  used  for  holding  the  soap  him.  A  beam  of  sun- 

Ftu.  37.  Fin.  38. 


V  "if. 

Projection  of  Vibrating  Th«  Opeidoscope  Applied  to 

Soap  Film.  ih*  Phonograph. 


light,  or  a  parallel  beam  from  an  optical  lantern,  is  thrown 
upon  the  him,  and  the  reflected  beam  is  passed  through  a 
lens  of  6  or  8  inch  focus,  and  received  upon  a  white  screen. 
As  the  phonograph  imparts  vibrations  to  the  air  in  the  thistle 
tube  the  soap  him  is  vibrated,  and  gorgeous  color  effects  in 
various  figures  are  seen  upon  the  screen. 

A  similar  experiment  is  illustrated  by  Fig.  38.  This  is  a 
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the  membrane  is  cemented  a  small  thin  mirror.  The  light  is 
received  and  reflected,  as  in  the  other  case.  When  the  mem¬ 
brane  is  vibrated,  intricate  bright  figures  appear  on  the 
screen,  the  figures  varying  with  the  character  of  the  vibration. 


AN  INTERESTING  EXPERIMENT. 

An  amusing  trick  can  be  performed  with  the  aid  of  two 
wine  glasses  and  a  visiting  card.  Take  two  claret  glasses 

Fig.  3g. 


Gravitation  of  Liquids. 

of  the  same  size,  and  fill  one  with  claret  quite  to  the  brim 
and  the  other  with  water.  Cover  the  glass  containing  the 
water  with  the  card,  invert  it  and  place  it  upon  the  other 
glass,  as  shown  in  Fig.  39.  After  the  edges  of  the  two  glasses 
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have  been  brought  opposite  one  another,  the  card  is  slipped 
carefully  to  one  side  so  as  to  open  a  small  communication  be¬ 
tween  the  two  glasses ;  this  done,  there  immediately  begins 
an  exchange  of  the  liquids,  anti  it  is  observed  that  the  claret 
is  flowing  in  a  gentle  stream  into  the  upper  glass,  the*  water 
descending  through  the  small  opening  and  displacing  the 
claret.  The  claret  soon  begins  to  spread  out  in  an  even 
body  over  the  water  contained  in  the  upper  glass.  This 
process  continues  until  there  is  a  complete  interchange  of 
the  two  liquids.  Of  course,  the  explanation  is  simple 
enough.  The  water,  being  a  heavier  liquid  titan  the*  claret, 
sinks  into  the  lower  glass,  and  the  claret  is  loreetl  up  t« •  till 
the  displacement  of  the  water.  It  Hows  in  a  stead  \ .  t  le.u 
cut  stream,  and  the  effect  as  it  rises  through  the  wafet  is 
verv  fine. 

It  is  remarkable  that  in  this  experiment  there  is  n* ♦ 
servable  intermixture  of  the  liquids.  The  water  contain* •*! 
in  the  lower  glass  after  the  experiment  is  quite  t  le.u  ami 
transparent.  It  is  also  curious  that  tin*  water  in  the  uppn 
glass  passes  the  space  between  the  rims  ol  the  glasses,  ami 
enters  the  lower  glass  without  any  leakage  whatever  J'lih, 
however,  is  fully  explained  by  the  surface  tension  existing 
on  the  liquid  at  this  point. 

The  card  used  in  this  experiment  is  about  the  thickness 
of  an  ordinary  postal  card.  The  experiment  is  easih  pet 
formed,  and  is  worth  trying.  The  upper  glass  containing 
the  water  may  be  lifted  and  carried  about  while  the  tard  is 
attached,  without  holding  it  on  with  the  hand,  thus  illus¬ 
trating  in  a  well  known  way  the  effect  of  atmusphetic  plea¬ 
sure. 

st  ki-wri-;  tknmun.^ 

Ttie  existence  of  surface  tension  is  shown  by  the  follow  ■ 
mg  simple  experiments:  (ij  Two  round  pencils,  made  of 
light  wood,  and  not  more  than  ,+’  ineh  in  diameter,  are  pla«  ed 
in  contact  one  on  (he  other  in  a  horizontal  position  Pl.t  r 
between  the  two  pencils  several  drops  of  pure  water,  so  that 
all  of  the  line  of  contact  is  well  moistened.  In  a  little  time, 

*  From  the  German  minimi  uf  *  *  ExtirUtnenial  Sormi*  ‘ 
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a  quantity  of  water  will  adhere  to  both  pencils,  which  will 
take  a  concave,  curved  shape,  a  cross  section  ot  which  is 
shown  in  Fig.  40.  The  lower  pencil,  in  consequence  of  the 
tension  of  the  concave  surfaces,  a  and  k  on  opposite  sides  of 
the  line  of  contact,  will  be  suspended  from  the  other  pencil. 
The  adhesion  is  strong  enough  to  admit  of  moving  the  pen- 
cils  about.  (2)  Clean  a  copper  ring  made  of  wire  about  ^ 
inch  in  diameter  and  having  a  diameter  of  2  *  j  or  3  inches. 
Lav  the  ring  carefully  upon  the  surface  of  very  pure 
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of  light  but  not  glossy  paper,  about  5  orb  inches  long  and  j 
inches  broad,  and  turn  down  upon  all  four  si  ties  a  margir 


face,  then  pour  water  in  to  a  depth  of  £  inch.  The  tension  of 
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ter  of  |  inch  and  a  length  of  |  inch,  and  in  the  middle  of  one 
end  of  the  cork  insert  a  fine  iron  wire,  from  2  to  2^  inches 
in  length,  provided  with  a  hook,  on  which  is  placed  a  little 
basket  to  receive  the  ballast.  Upon  the  other  end  of  the 
cork  is  fastened  a  frame,  which  consists  of  a  fine  iron  wire 
ring  3  inches  in  diameter,  and  two  pieces  of  the  same  wire 
are  inserted  in  the  cork  so  as  to  support  the  ring  perpendicu¬ 
lar  to  the  axis  of  the  cork  and  concentric  with  it.  Plunge 
this  little  instrument  in  water  contained  in  a  vessel  of  suffici¬ 
ent  depth.  If  the  weight  in  the  vessel  is  suitable,  the  cork 
will  be  held  in  a  vertical  position,  and  only  project  a  short 
distance  above  the  surface  of  the  water.  If  the  whole  appa 
ratus  be  pressed  down  vertically  in  the  water  until  the  ring 
is  submerged,  as  shown  in  Fig.  43,  the  ring  will  not  leave  the 
water,  being  held  by  the  surface  tension  of  the  water,  but 
will  rise  a  little  above  the  water  level,  and  the  water  will 
take  the  form  of  a  concave  meniscus.  To  liberate  the  ring 
so  that  it  will  rise  up  out  of  the  water  apparently  by  a  free 
impulse,  and  allow  the  system  to  regain  its  first  position  of 
equilibrium,  let  fall  a  drop  of  ether  upon  the  water.  This 
will  decrease  the  surface  tension,  when  the  buoyancy  of  the 
cork  will  lift  the  ring  above  the  water.  (5I  Dissolve  1^ 
ounces  of  Castile  soap  and  i£  ounces  of  crystalline  sugar  in 
a  quart  of  water.  In  this  plunge  a  square  bent  from  small 
slender  iron  wire,  and  draw  it  out  again.  It  will  be  filled 
with  a  thin  film  of  the  liquid.  Lay  upon  this  film  a  loop  of 
silk  thread,  as  shown  in  Fig.  44.  It  will  form  an  irregular 
outline.  If  the  film  be  perforated  within  the  silk  loop,  the 
thread  will  suddenly  form  a  complete  circle. 

INTERESTING  OPTICAL  ILLUSIONS. 

Human  visual  apparatus  has  certain  qualities  which  cannot 
be  classed  among  defects,  although  under  certain  conditions 
they  prevent  seeing  things  as  they  really  are.  To  persistence 
of  vision,  or  the  property  of  the  retinal  nerves  by  which  an 
image  is  retained  after  the  object  by  which  it  was  formed 
has  disappeared,  are  due  the  phenomena  here  described  and 
illustrated. 
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A  short  time  since  the  writer,  in  search  of  new  optical 
illusions  wherewith  to  amuse  if  not  to  instruct  a  little  com¬ 
pany  of  scientific  persons,  found  in  the  store  of  the  well- 
known  optician,  Mr.  T.  1 1.  McAllister,  of  this  city,  an  in¬ 
strument  known  as  the  anorthoseope,  which  was  imported 
by  him  about  thirty  years  ago,  Although  it  was  a  novelty 

then,  and  probably  well  known 
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to  many,  it  is  now  rare.  In 
fact,  perhaps  not  one  in  the 
two  or  three  hundred  who 
have  seen  it  had  ever  even 
heard  of  it. 

The  anorthoseope  shown 
in  Fig,  45  is  a  modified  form  of 
the  instrument  above  referred 
to,  and  is  adapted  to  experi¬ 
ments  other  than  those  belong¬ 
ing  to  the  original  apparatus- 
This  instrument  has  a  stand¬ 
ard  provided  with  a  sleeve 
upon  which  is  pivoted  a  mov- 
able  arm.  In  the*  upper  end 


to  be  deseritxnh 
ed  pulley. 


also  a  groov 


The  AnonhoKo,*.  •"  *.,w  '»  ,l»'  '‘“""I- 

arc!  is  journaled  a  shaft  having 
at  one  end  a  crank,  and  a  pulley  of  the  same  si/r  as  that 
above  it  at  the  upper  end  of  the  standard,  and  u|ki«  the  other 
end  a  grooved  wheel  four  times  the  diameter  of  t lie  grooved 
pulley  at  the  upper  end  of  the  movable  arm.  The  small 
pulley  below  is  connected  with  the  small  pulley  almve  by  a 
crossed  belt,  and  the  large  grooved  pulley  is  connected  with 
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Between  the  collars  upon  the  sleeve  driven  by  the  crossed 
belt  is  placed  a  black  disk  having  four  equidistant,  radial 
slots,  and  upon  the  other  sleeve  is  secured  a  translucent  disk 
bearing  an  auamorphosed  design  which,  viewed  separately 
from  the  inst nuneut,  bears  little  resemblance  to  the  object 
it  is  intended  to  represent,  but  when  revolved  in  the  anor- 


enormous  distortion  is  corrected  and  five  correct  images  are 
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and  in  Fig.  49  the  distorted  flowers,  E,  produce  the  wreath, 
F.  The  distorted  image  is  seen  only  in  narrow  successive 
sections,  which  by  the  retaining  power  ol  the  retinal  nerves 
are  blended  into  an  image  which  is  shortened  in  the  direc¬ 
tion  of  rotation  to  one-fifth  its  real  dimensions,  while  it  is 
multiplied  live  times. 

There  are  two  methods  of  laying-  out  the  designs  for  this 
instrument,  both  based  upon  the  development  of  the  original 
picture  in  a  subdivided  rectangle.  It  is  obvious  that  if  a 
subdivided  square  can  be  produced  in  the  nnorthoseope 
from  a  distorted  representation  of  it,  any  figure  that  can  be 
inscribed  in  such  a  square  can  also  be  produced  in  the  same 
way.  In  Fig.  50  is  illustrated  a  method  of  laving  out  a  rect¬ 
angular  parallelogram,  A,  divided  into  thirty-two  equal 


mm 

squares,  alternate  squares  of  the  upper  two  row s  bririj* 
shaded. 

To  lay  out  the  figure,  from  the  center,  C\  strike  a  cirrk 
bounding  the  periphery  of  the  disk,  draw  a  diametrical  line 
and  at  any  convenient  distance  from  the  peripheral  line  lay 
out  the  rectangular  parallelogram,  as  shown.  From  tin 
center,  0,  describe  an  arc,  touching  the  outer  angles  of  tin 
parallelogram,  A;  locate  a  new  center,  I),  below  t\  on  tin 
diametrical  line,  a  distance  equal  to  the  versed  sine  of  tin* 
arc.  From  this  center  describe  circles  tangent  to  the  hors 
zontnl  lines  of  the  subdivided  rectangular  parallelogram 
Lay  off  on  the  central  circle  spaces  five  times  greater  that 
and  equal  in  number  to  the  longitudinal  divisions  of  tin 
parallelogram.  From  a  point  at  the  intersection  of  the  dia 
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These  lines  radiating  from  the  point,  a,  and  the  eccentric 
series  of  concentric  circles  bound  spaces  which  appear  as 
squares  in  the  anorthoscope.  The  lines  radiating  from  the 
point,  a,  must  be  increased  five  times  in  thickness  to  secure 
a  line  of  normal  width  in  the  instrument.  The  spaces  in  the 
distorted  figure  representing  the  shaded  squares  are  filled 
up  solid  with  black,  the  whole  forming  the  figure  B,  which, 
viewed  in  the  anorthoscope,  appears  as  at  A.  Any  figure 


•distorted  figure,  B,  would  appear  normal  in  the  instrument 
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rotated  in  opposite  directions  the  effect  is  as  shown  in  Fig. 
55.  These  forms  may  be  greatly  modified  by  moving  the 
slotted  disk  in  the  lantern  across  the  field. 

These  curious  effects  are  due  to  the  crossing  of  the  white 
radial  bands  by  the  bands  of  light  from  the  lantern  and  the 
retention  of  the  images  of  these  spots  of  light  throughout 
‘  their  entire  course,  thus  giving  the  appearance  of  curved 
bands. 

By  substituting  a  disk  with  radial  bands  for  the  anortho- 
scope  disk  in  the  instrument  shown  in  Fig.  45,  and  swinging 
the  movable  arm  of  the  instrument  over,  so  as  to  arrange 
the  disks  eccentrically  with  reference  to  each  other,  the 
effects  last  described  may  be  viewed  without  the  use  of  a 
lantern. 

OPTICAL  ILLUSIONS  ADAPTED  TO  TPIE  LANTERN. 

An  interesting  illusion  produced  by  three  coins — prefer¬ 
ably  silver  dollars — consists  in  placing  the  pieces  in  a  row 
and  removing  the  center'  one  from  between  the  others  at 
right  angles  to  the  line  upon  which  they  were  all  originally 
arranged  until  the  distance  between  the  moved  coin  and 
either  of  the  others  is  adjudged  to  be  equal  to  the  combined 
diameters  of  the  three  coins,  then  measuring  the  distance. 
It  is  found  almost  without  exception  that  the  operator  fails 
to  move  the  coin  far  enough  by  its  own  diameter,  or  more. 
This  simple  experiment  when  shown  in  the  lantern  is  much 
more  effective  than  when  viewed  directly.  To  adapt  it  to 
lantern  use,  a  spring  slide  holder  like  that  shown  in  Fig.  56 
is  fitted  to  the  lantern  front,  and  beneath  the  springs  are 
placed  two  plates  of  thin  glass.  Upon  the  inner  glass  near 
the  upper  part  of  its  exposed  surface  are  cemented  two 
disks  of  paper  five-sixteenths  inch  in  diameter  and  separated 
a  distance  equal  to  the  diameter  of  one  of  the  disks.  On  the 
inner  surface  of  the  second  glass  plate  is  cemented  a 
third  disk  like  the  other  two.  This  is  attached  to  the  plate 
near  its  1  >wer  edge,  and  the  plate  is  arranged  so  as  to  bring 
the  three  disks  in  line,  as  shown  in  Fig.  56. 

By  arranging  the  three  disks  in  a  row  and  projecting- 
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rings.  As  is  well  known,  it  is  necessary  to  give  the  rings  a 
gyratory  motion  like  that  required  in  rinsing  out  a  pail,  to 


Fig.  57- 


Central  Disk  Removed  from  the  Others  Three  Times  its  Own  Diameter. 

give  the  rings  the  appearance  of  turning.  This  is  accom¬ 
plished  in  the  lantern  by  a  movable  holder  which  is  sus¬ 
pended  on  a  pendulum  bar  pivoted  to  the  center  of  the 


Fig.  58. 


AN  ARTIFICIAL  Sl'KCTRUM. 


243 


cular  hole  through  which  projects  an  eccentric  mounted 
on  a  stud  projecting  from  the  support.  By  turning  the 
eccentric  by  means  of  the  attached  handle,  the  slide  is 
swung  around  in  a  circular  path  and  the  desired  effect  is 
produced  on  the  screen. 

The  peculiar  whirling  effect  is  due  partly  to  irradiation 
and  partly  to  persistence  of  vision. 

AN  ARTIFICIAL  Sl'KCTRUM. 

* 

That  the  different  colors  of  the  spectrum  may  h$  reunited 
so  as  to  produce  white  light  has  been  known  for  along  time, 
but  the  method  of  obtaining  all  the  colors  of  the  spectrum 
without  the  use  of  any  other  optical  apparatus  than  the  eye 
itself  and  its  faculty  of  accommodation  is  recent  and  not  so 
well  known,  and  is  worthy  of  notice. 

According  to  IiHgintrring,  it  was  Mr, ‘Charles  E.  Benham, 
of  Colchester,  England,  who  was  the  firs l  to  obtain  the  arti¬ 
ficial  spectrum,  of  which  physicists  have,  for  the  last  five 
months,  sought  with  more  or  less  success  a  satisfactory  ex¬ 
planation.  Such  explanation  seems  to  have  been  quite 
recently  furnished  by  Mr.  Maefarlane  Gray. 

The  artificial  spectrum  is  obtained  by  means  of  a  very 
simple  device,  a  teetotum,  a  top,  or  any  arrangement,  capable 
of  communicating  a  rotary  motion,  around  an  axis  at  right 
angles  with  its  plane,  to  a  disk  of  white  cardboard  1  or 
2  inches  in  diameter  upon  which  fractions  of  concentric 
circumferences  have  been  drawn  in  black,  one  of  the  halves 
of  the  disk  being  completely  black,  ns  shown  in  Fig.  59.  As 
we  show  in  Fig.  59,  this  disk  may  also  be  mounted  upon 
Newton’s  classical  apparatus  and  the  experiment  be  per¬ 
formed  in  a  continuous  manner.  Upon  giving  the  disk  a 
rotary  motion  whose  angular  velocity  depends  upon  the  age, 
visual  acuteness,  and  especially  the  faculty  of  accommoda¬ 
tion  of  the  observer,  it  will  appear  to  be  covered  with  cir¬ 
cumferences  or  fractious  of  concentric  circumferences  as¬ 
suming  all  the  colors  of  the  rainbow,  very  faint,  but  some- 
rimes  appearing  with  a  richness  of  tone  that  depends  both 
upon  the  illumination  of  the  disk  and  the  spectral  richness 
of  the  light  that  it  receives. 
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Mr.  Macfarlane  Gray  explains  the  phenomenon  as  follows : 
Let  L  (Fig-.  59)  be  the  lens  formed  by  the  eye,  the  straight 
lines  representing  to  an  exaggerated  degree  (in  order  to 
facilitate  the  explanation)  rays  of  different  refrangibility. 
Let  us  suppose  that  the  violet  rays  have  their  focus  at  V, 
and  the  red  ones  at  R,  and  let  us  place  the  screen,  E,  at  a 
constant  distance  from  the  lens.  In  order  to  obtain  a  sharp 


Ftc?.  59. 


Artificial  Spectrum. 

1.  Disk  for  obtaining'  the  artificial  spectrum,  with  explanatory  diagram. 

2.  Method  of  performing  the  experiment. 

image  of  a  violet  colored  object  upon  a  black  ground,  it  is 
necessary  to  diminish  the  convexity  of  the  lens,  to  flatten  it, 
so  to  speak,  in  order  to  bring  to  E  the  intersection  of  the 
violet  rays  occurring  at  V.  Conversely,  for  the  red  rays 
the  convexity  of  the  lens  must  be  increased  in  order  to  bring 
to  E  the  red  rays  that  cross  each  other  at  R. 
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White  light  may  be  divided  into  two  groups  of  rays  occu¬ 
pying  the  extremities  of  the  visible  spectrum,  the  red  and 
the  violet,  and  supposing  their  rcfrangibility  to  be  uniform, 
they  will  intersect  each  other  respectivel}'  at  the  foci,  R  and 
V.  The  red  and  violet  alone  do  not  give  white,  but  a  com¬ 
bination  of  their  respective  groups  does,  and  this  suffices  for 
the  validity  of  the  subsequent  reasoning. 

If  the  reader  will  please  imagine  that  these  rays  are  red 


superposition,  he  will  see  that  the  screen  will  appear  white 


will  thus  see  that  white  light  has  not  a  definite  focus  like  red 
and  violet.  The  ‘image  of  a  white  object  upon  a  black 
ground  will  always  extend  beyond  its  real  geometrical  image 
to  a  degree  equal  to  half  the  height  of  the  lozenge  at  B.  A 
white  point  upon  a  black  ground  will  therefore  occupy  a 
wider  surface  upon  the  screen  than  a  black  point  would 
occupy  upon  a  white  ground.  This  is  the  well  known  phe¬ 
nomenon  of  irradiation.  When  the  violet  is  focused  upon 
tin*  sereen,  the  violet  objects  are  sharply  defined  without 
any  marginal  extension,  but  i(  at  this  instant  a  white  point 
be  substituted  therefor,  it  will  appear  violet  at:  tiie  center 
and  as  if  surrounded  bv  a  red  aureola.  In  Fig.  59  the  sur¬ 
faces  marked  r  are  the  red  marginal  rays  and  those  marked 
v  are  the  violet  ones.  The  central  lozenge  intersected  by 
the  two  groups  is  marked  Here  the  light  is  white,  and 
pure  white  at  the  center  of  the  section.  The  network  of 
lines  may  be  assimilated  to  the  well  known  toy  soldiers 
mounted  upon  jointed  strips  of  wood,  but  here  the  maneu¬ 
vering  is  effected  by  a  peculiar  physiological  action  known 
as  the  faculty  of  accommodation.  It  is  this  faculty  that 
alters  the  convexity  of  the  lens  for  producing  upon  the 
sereen  an  image  as  perfect  as  the  imperfect  lens  at  its  dis¬ 
posal  permits. 

When  the  top  spins,  the  accommodation  is  effected  suc¬ 
cessively  for  the  light  and  the  black.  After  the  black  has 
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black.  As  the  disk  revolves  in  a  direction  contrary  to  that 
of  the  hands  of  a  watch,  the  most  peripheric  white  circular 
arcs  will  form  their  image  with  red  margins  resting  upon  the 
black  lines  and  making  them  appear  red.  The  accommoda- 


Fig.  60. 


tion  acts,  but  with  so  much  rapidity  and  energy  that  it  ex¬ 
ceeds  the  mark.  After  a  rotation  of  45°,  new  white  lines 
appear  with  yellow  margins  covering  the  black  lines  and 
making  them  appear  yellow.  After  a  new  rotation  of  45' 
the  margins  are  greenish  and  the  black  lines  appear  green! 
After  a  rotation  of  450,  the  margins  arc  blue  or  violet  and 
the  black  lines  blue.  The  various  colorations  appearing 
upon  the  disk  are  due,  as  a  last  analysis,  to  the  slowness  or  the 
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haste  of  the  accommodation  in  its  endeavor  to  put  the;  eye 
in  focus  at  every  instant.  It  is  a  semi-objective  phenom¬ 
enon.  When  the  velocity  of  rotation  of  the  disk  is  adapted 
to  a  given  eye  and  synchronous  with  the  speed  of  aceom- 

FlC.  hi. 
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being  connected  with  the  appearance  of  the  colors,  ami,  run- 
sequently,  with  the  angular  velocity  oi  the  disk. 

The  distribution  of  the  colors  evidently  changes  with  the 
direction  of  rotation  of  the  disk,  ami  the  exterior  edges  of 
the  lines  are  fringed  as  were  the  interior  edges  in  the  oppo. 
site  direction  of  rotation.  Between  the  black  masses  ami 
the  white  lines  the  margins  of  the  white  lines  are  red,  Be 
tween  the  white  masses  and  the  white  lines  the  margins  of 
the  latter  are  violet. 

We  take  the  foregoing  from  La  Nature,  and  subjoin  two 
modified  forms  for  the  surface  of  the  top,  given  by  Mr, 
Charles  E.  Wolff,  a  correspondent  of  Engineering,  who  says, 
in  a  recent  number  of  that  publication  : 

When  the  top  first  appeared,  1  made  an  obvious  modiiu  »«• 
tion  (shown  in  Fig.  60)  to  try  and  obtain  a  more  continuous 
spectrum.  This  was  quite  successful,  as  might  be  expected. 
The  next  step  was  to  fill  up  the  white  lines,  producing  a  nut 
tinuous  spiral  hand  of  black,  as  shown  tit  Fig,  to,  which 
gives  a  continuous  spectrum. 

Now,  if  we  suppose  the  colors  to  Ik*  prtMfmm!  by  a  Hurt 
of  chromatic  irradiation  of  the  white  littes  over  the  black, 
this  latter  form  should  have  been  a  failure,  which  is  nut  the 
case. 

Instead  of  a  top,  any  one  may  try  this  experiment  by 
making  diagrams  like  the  above  on  card  Ik  inn  I  ami  using  a 
central  pin  to  spin  the  same  like  a  top. 

The  effects  in  question  may  he  shown  iqnm  a  >rrrr»  to 
a  large  audience.  The  markings  are  painted  on  a  disk  *»i 
glass,  placed  in  a  projecting  lantern, ami  revolved  by  a  tmtitt 
plying  wheel.  A  great  variety  of  effects  are  producible  in 
this  way  by  interposing  colored  glasses  in  the  path  of  the 
beam  of  light.  Thus,  with  a  green  glass,  and  in  diffused  gas* 
fight,  the  dark  marks  appear  mauve  colored  when  suddenly 
stopped  after  rapid  rotation,  or  when  very  slowly  rotated, 
but  become  of  a  dark  blue  when  thr  gas  is  turned  off.  tin 
rotating  the  disk  in  the  usual  way.  t lie  lines  upon  it  appear  to 
be  blue,  green  and  violet.  With  a  blue  glass  hi  gaslight,  the 
markings  cm  the  disk  appear  to  be  yellow  when  suddenly  stop, 
ped,  but  a  fine  purple  without  diffused  light.  Tim  colors 
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given  by  the  lines  at  a  moderate  rate  of  speed  are  reel,  gra}% 
green  and  blue.  With  a  monochromatic  red  glass,  the  lines 
appear  to  be  blue,  gray,  red  and  dark  red.  The  appearance 
of  blue  by  red  light  is  remarkable.  Mr.  Iienham,  the  in¬ 
ventor  of  the  top,  thinks  that  the  phenomena  of  color  pre¬ 
sented  by  it  have  nothing  to  do  with  the  wave  theory  of  light, 
but  are  purely  subjective.  It  has  been  suggested  that  they 
are  due  to  visual  fatigue  on  the  part  of  the  observer. 

OPTICAL  PROJECTION  OF  OPAQUE  OBJECTS, 

The  projection  of  opaque  or  solid  objects  by  means  of 
tlit*  optical  lantern  affords  a  way  of  showing  upon  the 
screen  a  large  variety  of  objects  in  their  natural  colors,  and 
greatly  magnified.  The  form  of  lantern  best  adapted  to  this 
purpose  is  the  simplest  imaginable. 

The  works  cm  optical  projection  briefly  describe  differ¬ 
ent  forms  of  apparatus  for  this  purpose.  Prof.  A.  E.  1  )ol- 
bear  in  his  bonk  describes  a  megascope,  consisting  of  a  plain 
box,  with  a  large  lens  in  front  and  an  oxyhydrogen  light, 
within.  Mr.  Lewis  Wright,  in  his  new  work  on  “Optical 
Projection,”  shows  two  or  three  forms  of  megascope  ;  but 
notwithstanding  all  this  the  idea  is  current  that  opaque  pro¬ 
jection!?*  difficult,  and  several  persons  known  to  the  writer 
are  so  thoroughly  convinced  of  the  magnitude  of  the  under¬ 
taking  that  they  do  not  make  the  attempt  to  project  in  this 
wav. 

In  describing  a  few  ways  of  opaque  projection,  two  or 
three  points  are  noticed  in  the  beginning.  First,  all  the 
light  attainable  is  required  ;  second,  all  kinds  of  work  can¬ 
not  he  done  with  one  and  the  same  instrument:  and  third. 


to  secure  the*  best  effects,  suitable  shadows  are  as  necessary 
as  strong  lights.  It  is  useless  to  attempt  projection  cm  a 
large  scale  with  a  source  of  illumination  inferior  to  the  cal¬ 
cium  light.  For  large  objects  and  a  large  screen,  two  largo 
burners  are  essential,  and  the  use  of  three  insures  a  much 
better  effect. 

The  length  of  the  box  inclosing  the  object  and  the  burn¬ 
ers  is  determined  by  the  focal  length  of  the  object  glass,  hi 
the  instrument  illustrated  the  lens  has  a  focal  length  of  24. 
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inches.  The  box  is  made  4  inches  longer,  i.  e.,  28  inches,  to 
allow  of  moving  the  object,  for  the  purpose  of  focusing  the 
image  on  the  screen. 

When  two  oxyhydrogen  burners  are  used,  they  are  ar¬ 


ranged  at  one  side  of  the  megascope  box,  at  slightly  differ- 
i  ent  elevations,  and  a  short  distance  apart,  to  secure  soft 

;  shadows.  When  three  burners  are  used,  the  third  is  placed 

f  at  the  opposite  side  of  the  box.  It  increases  the  volume  of 


The  Megascope. 
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light  and  modifies  the  shadows.  If  the  apertures  of  the 
burners  are  the  same,  they  may  all  be  supplied  with  gas 
from  a  single  pair  of  cylinders,  by  using  branch  pipes.  The 
burners  should  be  pushed  as  near  the  object  as  possible, 
without  bringing  them  into  the  field  of  the  objective. 

In  the  present  case  the  objective  consists  of  a  6  inch  ' 
double  convex  lens,  but  a  7  or  8  inch  would  be  better.  The 
lens  is  mounted  in  a  soft  wood  ring,  and  suspended  over  a 
circular  aperture  in  the  front  of  the  box. 

For  the  sake  of  convenience,  the  box  is  made  to  fold,  so 
as  to  occupy  a  space  of  18  by  28  inches,  by  3  inches  thick, 
when  not  in  use.  Fig.  64  shows  the  construction  clearly. 

Fig.  63. 


Megascope  Box,  Showing  Position  of  Burners. 

The  top,  f,  is  like  an  ordinary  box  cover,  with  the  exception 
of  the  central  draught  hole  surrounded  by  a  collar.  / 

To  the  bottom,  g,  are  hinged  the  end,  /z,  sides,  i  j,  and 
the  front,  k.  The  cap,  in,  is  supported  over  the  opening  in 
the  center  of  the  cover,  f  by  the  wood  screws  inserted  in 
the  corners.  The  lens,  n ,  is  arranged  to  hang  over  the  large 
opening  in  the  end  piece,  k.  In  this  end  piece  there  is  a 
smaller  opening  for  the  insertion  of  the  gas  tubes.  The  side 
piece,  z,  is  discontinued  near  the  back  end  of  the  box,  to 
provide  an  opening  for  the  insertion  and  removal  of  objects. 
This  opening  is  covered  with  a  black  curtain,  which  falls 
over  the  arm,  and  prevents  the  escape  of  light.  Upon  the 
inner  surface  of  the  back  end  of  the  box  is  secured  a  piece 
of  white  cardboard  for  a  background. 
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The  sectional  view,  Fig.  63,  best  shows  the  internal  ar¬ 
rangement. 

The  object  must  be  inserted  in  position  and  moved  for¬ 
ward  or  backward  until  it  is  focused.  If  difficulty  is  expe¬ 
rienced  in  holding  the  objects  properly  for  exhibition,  they 
may  be  placed  on  a  movable  support. 

Fruit  of  all  kinds  projects  well,  either  whole  or  divided. 

Fig.  64. 


Folding  Box  Partly  Closed. 


A  bunch  of  California  grapes  forms  a  fine  object.  A  bou¬ 
quet  of  flowers  is  beautiful.  Shells,  especially  polished  ones, 
are  very  pleasing  objects.  Peacock  and  other  feathers  show 
well.  Pottery  and  bronzes,  plaster  casts,  toys  of  various 
kinds,  particularly  of  the  Japanese  variety,  carvings,  em¬ 
broidery,  paintings,  engravings,  photos,  the  pages  of  a  book, 
are  all  of  interest.  Whole  machines  of  a  suitable  size,  and. 
parts  of  machinery,  or  apparatus  of  almost  any  kind,  may  be 
shown  to  advantage  in  this'  way. 
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Another  way  of  accomplishing  the  same  result  without 
the  use  of  a  box  is  illustrated  in  Fig.  65.  In  this  case  one 
room  serves  as  a  megascope  box  and  another  as  the  room 
in  which  to  place  the  screen.  The  same  general  arrange¬ 
ment  as  that  already  described  is  observed.  In  this  case  the 
lens  is  secured  over  the  space  between  two  sliding  doors, 
and  all  escape  of  light  is  prevented,  excepting,  of  course, 


Fig.  65. 


Megascope  without  Box. 

that  which  passes  through  the  lens.  The  screen  is  made  of 
translucent  tracing  paper.  The  lens  may  be  such  as  is  used 
for  the  examination  of  paintings  or  photographs,  but  the 
kind  known  as  cosmorama  lenses,  sold  by  the  principal 
opticians,  are  preferable,  on  account  of  being  about  the  right 
focus.  They  are  not  expensive,  and  may  be  obtained  of  a 
diameter  of  six  or  seven  inches.  Two  or  three  calcium 
lights  are  used.  The  objects  may  be  held  in  front  of  a  white 
or  tinted  background,  or  the  background  may  be  omitted. 
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It  is  absolutely  necessary  that  no  stray  li^hl  should  escape 
into  the  room  in  which  the  ima^e  is  thrown.  Of  course,  an 
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settings,  a  watch  movement,  or  a  line  piece  of  machinery  or 
apparatus,  the  arrangement  shown  in  log-.  66  is  effective.  A 
plan  view  of  the  apparatus  is  here  shown.  The  objective  of 
the  lantern  is  removed  and  supported  at  an  angle  with  the 
optical  axis  as  indicated.  The  lime  is  pushed  forward  so  as 
to  cause  the  divergent  cone  of  light  to  cover  the  object, 
as  shown.  The  light  reflected  from  the  object,  </,  passes 
through  the  objective  to  the  screen. 

The  wire  frame,  r,  secured  to  the  Iront:  of  the  lantern  and 
held  by  the  standard,  /,  is  designed  to  support  a  thick  black 
cloth  for  shutting  in  all  light  excepting  that  passing  through 


the  objective.  Apparatus  similar  to  this  in  principle  is  sold 
by  some  of  the  dealers  in  lanterns. 

The  wonder  camera,  shown  in  Fig.  67,  is  an  instrument 


of  light,  which  is  simply  a  single  Arguiul  kerosene  burner. 

The  lamp  flame  is  in  one  focus  of  the  ellipsoidal  reflector 
and  the  picture  or  object  to  be  shown  is  placed  at  the  other 
focus,  on  the  swinging  adjustable  holder.  Opposite  the 
holder  in  a  perforation  in  the  reflector  is  placed  the  object¬ 
ive,  by  which  the  image  is  projected  on  a  screen  three  or 
four  feet  distant.  The  small  plan  view  shows  the  shape  of 
the  mirror  and  the  course  of  the  light.  The  linings  of  the 
oox  around  the  lamp  and  focus  of  the  reflector  are  removed 
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A  SIMPLE  CKNERATOK  FOR  ACETYLENE  CAS. 

Every  user  of  the1  projecting  lantern  has  time  anti  again 
felt  the  need  of  a  practical  illuminant  which  could  be  used 
whenever  required  without  trouble  or  expense.  A  kerosene 
lamp  in  its  best  form  is  only  an  aggravation.  The  incandes¬ 
cent  gas  burner  is  little  better.  The  calcium  light  seems  to 
be  more  generally  useful  than  any  other,  excepting,  of  course, 
the  light  of  the  arc  lamp,  but  a  current  suitable  lor  an  arc 
lamp  is  not  always  available. 

Acetylene  gas  is  convenient,  inexpensive,  and  when  used 
with  ordinary  precaution,  is  sale.  Although  it  is  interior  to 
the  calcium  light  in  illuminating  power,  it  is  vastly  superior 
to  either  kerosene  or  coal  gas.  A  A  foot  burner  gives  a  light 
of  24  candle  power.  As  gas  flame  is  transparent,  three  or 
four  burners  can  be  arranged  in  a  row, one  behind  the  other, 
as  shown  in  the  engraving.  The  recent  burner  is  a  great 
improvement  over  those  formerly  used  lor  this  gas. 

The  engravings  represent  a  very  simple  and  inexpensive 
wet.  generator  designed  lor  furnishing  three  |  loot  burners 
with  gas  for  to  2  hours,  or  the  average  duration  of  a 
lantern  exhibition,  or  three  1  foot  burners  for  one-half  the 
time. 

The  generator  is  a  modification  o!  the  Dt.heiviner  lamp. 
In  a  14-quart  galvanized  iron  pail  is  placed  a  hollow  gal¬ 
vanized  iron  cylinder,  6  inches  in  diameter  and  H  inches  high, 
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Acetylene  Gas  Generator. 
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engages  a  rivet  soldered  to  the  fixed  cylinder  near  the  bot¬ 
tom.  To  dry  and  cool  the  gas,  a  laborer’s  coffee  can  is 
•pressed  into  service.  Two  holes  are  punched  in  the  top, 
;and  in  these  holes  are  inserted  and  soldered  two  -A  (outside 
diameter)  tubes,  one  just  entering  the  top,  the  other  reaching 
nearly  to  the  bottom.  The  longer  tube  is  connected  with 
the  central  tube  of  the  cover  by  a  flexible  pipe.  From  the 
shorter  tube  a  rubber  pipe  extends  to  the  burner.  A  small 


Vertical  Section  of  Acetj-lene  Gas  Generator. 

plate  is  attached  to  the  cover  of  the  generator  beneath  the 
central  tube,  leaving  a  inch  space  for  the  escape  of  gas. 
This  plate  is  designed  to  prevent  the  expanding  mass  of 
calcium  carbide  from  entering  the  tube  and  stopping  the  flow 
of  gas. 

A  pinch  cock  should  be  placed  on  the  short  pipe  leading 
from  the  generator  to  the  cooler  (coffee  can)  and  another  in 
the  pipe  leading  from  the  cooler  to  the  burner. 

To  charge  the  generator,  the  apparatus  being  dry,  a 
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pound  or  less  of  calcium  carbide  is  placed  in  the  conical  bas¬ 
ket,  the  deep  cover  is  put  in  place  and  fastened  by  means  of 
the  bayonet  joint  as  described.  The  cooler  is  connected 
with  the  generator  cover  by  the  rubber  tube,  as  shown,  and 
the  pinch  cock  is  closed  ;  then  the  pail  is  filled  with  water 
up  to  within  £  inch  of  the  top. 

The  generator  is  now  ready  for  use.  The  water  is  pre¬ 
vented  from  touching  the  carbide  by  the  air  contained  by 
the  generator.  The  cooler  and  burner  are  connected  by 
the  rubber  tube. 

When  it  is  desired  to  use  the  gas,  the  pinch  cocks  are 
opened,  the  pressure  of  the  water  expels  the  air,  and  when 
the  water  touches  the  carbide,  gas  is  immediately  produced. 
If  it  forms  faster  than  it  can  escape  through  the.  burner,  the 
water  is  pushed  down  inside  the  cylinder,  rising  in  the  pail 
outside  of  the  cylinder.  A  small  quantity  of  water  is  retained 
on  the  top  of  the  cover  by  the  rim  surrounding  it. 

As  soon  as  the;  air  is  expelled  and  the  gas  begins  to  flow, 
a  match  may  be  applied  to  the  burners  and  the  apparatus 
will  take  care  of  itself,  giving  a  brilliant  light  until  the  car¬ 
bide  is  exhausted. 

Care  should  be  taken  to  not  light  the  gas  at  any  open 
pipe  or  opening  other  than  the  burner  orifices.  It  is  stated 
that  these  orifices  are  so  small  that  even  an  explosive  mix¬ 
ture  in  the  generator  would  not  he  set  off;  but  it  is  better  to 
be  on  the  safe  side.  Place  a  small  test  tube  over  one  of  the 
jets  of  the  burner  for  a  moment ;  then  remove  it  and  apply 
a  match.  If  it  burns  quietly,  the  burner  may  be  lit  with 
safety ;  if  it  snaps,  the  test  should  he  repeated  until  there  is 
no  explosion  in  the  tube  when  the  match  is  applied. 

Alter  the  carbide  is  exhausted,  the  residue,  which  is 
nothing  but  slaked  lime,  may  be  washed  out  of  the  appa¬ 
ratus. 

This  generator  was  designed  simply  for  otic  or  two  hours' 
use  with  the  lantern  ;  but  of  course  it  can  be  used  for  other 
purposes  and  with  throe  or  four  single  separated  burners, 
it  is  hardly  adapted  for  purposes  requiring  gas  for  intermit¬ 
tent  use,  as  the  generation  goes  on  in  a  small  way  after  the 
water  is  withdrawn  from  the  carbide. 
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META EL‘  M.*  II  ROM  Ks. 

The  production  of  Nohili’s  rings  is  a  very  simple  and 
pleasing  electro-chemical  experiment  which  ma\  he  icadilv 
tried  hv  anv  one  having  one  or  two  batten  cells,  or  a  small 
dynamo  or  magneto  electric  machine,  anti  figures  ol  various 
kinds  may  he  produced  by  the  same  process  in  brilliant 
colors. 

To  produce  the  rings,  all  that  is  required  i<  a  Bunsen  or 
G  re  net  battery  in  good  order,  a  strong  solution  ot  ace- 


Em..  71, 


Etixliuaion  ol  Nollih's  Ko«ks. 


tate  of  lead  (sugar  of  leadt  ami  a  steel  or  nickel  plated 
brass  plate.  The  lead  solution  is  placed  tit  a  common saucer, 
the  steel  or  nickeled  plate  is  placed  in  the  Upturn  «»f  the 
saucer  and  connected  by  a  wire  with  the  /me  of  the 

battery,  and  the  end  of  the  wire,  which  is  rounrt  ted  with 
the  carbon  pule  of  the  battery,  is  held  near  the  steel  plate 
without  touching  it,  as  shown  in  Fig.  71,  In  a  very  short 
time  a  spot  of  color  will  appear  on  the  plate,  ami  tn  a  mim 
ute  or  so  the  spot  will  spread  rapidly  and  form  concentric 
rings  of  prismatic  colors,  as  shown  In  Fig,  72,  A  few  trials 
will  enable  the  operator  to  determine  the  time  required  for 
the  production  of  the  best  effects.  When  the  operation  has 
proceeded  far  enough,  the  plate  is  removed  from  the  solu- 
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tion,  washed  in  clean  water  and  dried.  The  beautiful  color 
effect  is  due  to  the  decomposition  of  the  light  by  the  ex¬ 
ceedingly  thin  film  of  peroxide  of  lead  deposited  on  the 
surface  of  the  plate.  It  is  quite  permanent  and  serves  to 
protect  the  surface  of  the  plate  from  oxidation. 

To  secure  the  best  results,  the  plate  should  be  highly 
polished  and  the  lead  solution  should  be  filtered. 

By  providing  anodes  of  different  forms,  various  orna¬ 
mental  figures  may  be  produced  on  the  surface  of  the 
plate.  For  example,  a  wire  bent  into  the  form  of  a  letter  or 


Fig.  73. 
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sometimes  cnmcuit  to  nuia  tne  anyue  ] 
ordinary  insulated  wire  (magnet  wire) 
permits  of  placing  the  anode  down  up 
lation  serving  to  prevent  direct  electr 
Very  beautiful  effects  may  be  se 
anode  of  the  desired  shape  from  sheet 
parts  so  as  to  vary  their  distance  frot 
case  of  the  cross,  Fig.  72.  The  result 
Dosited  in  beautifully  graduated  color 
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the  figure,  the  arrangement  of  colors  bearing  some  resem¬ 
blance  to  those  of  a  peacock  feather. 

The  arrangement  of  the  colors  in  these  films  is  that  of 
the  solar  spectrum.  Nobili's  rings  resemble  Newton's,  1  he 
colors  are  fully  as  intense  and  more  readily  seen, 

Nobili  discovered  this  phenomenon  in  tKj6.  Since  that 


heial  coloring. 

Beequerel  suggested  a  solution  for  this  purpose,  the 
formula  of  which  is  as  follows  :  “  Dissolve  2au  grammes  o 

caustic  potash  in  2  quarts  of  distilled  water,  add  l 
grammes  of  litharge,  boil  the  mixture  for  a  half  hour,  am 
allow  it  to  settle.  Then  pour  off  the  dear  liquor  and  dilute 
with  its  own  bulk  of  water." 

This  solution  is  adapted  to  other  metals  than  those  abnvt 


factory  results  and  is  sufficient  for  experimental  demount  ra- 


centuries. 

Glass  having  a  similar  appearance,  but  without  the  same 
brilliancy  of  color,  has  been  found  elsewhere,  and  a  certain 
degree  of  iridescence  has  been  imparted  to  glass  of  modern 
manufacture  by  flashing  it  during  the  annealing  process  with 
stannous  chloride,  thus  depositing  on  the  glass  an  exceedingly 
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thin  film,  which  decomposes  the  light  and  thus  yields  a 
pleasing1  color  effect.  Glassware  of  this  kind  is  beautiful,  and 
was  at  one  time  much  in  demand,  but  at  present  it  can  hardly 
be  found  on  .sale. 

Through  the  courtesy  of  General  L.  l\  Di  Cesnola,  di¬ 
rector  of  the  Metropolitan  Museum  of  Art,  the  writer  has 
been  enabled  to  examine  specimens  of  ancient;  Cyprian  glass 
secured  by  him  in  his  archaeological  explorations  in  Cyprus. 

A  microscopical  examination  of  this  glass  shows  that  the 
surface  is  covered  with  exceedingly  thin  transparent  films 
formed  by  matter  dissolved  from  the  glass.  The  body  of  the 

Fig.  73. 
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so  thin  as  to  float  in  air  like  down  when  detached.  They  de- 
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mentary  to  that  shown  by  reflected  light.  Examined  by 
polarized  light,  the  color  is  heightened  still  more  with  all  the 
changes  that  may  be  brought  about  by  rotating  the  polarizer, 
analyzer,  or  the  object  itself.  The  figure  under  flamed 
light  without  the  color  is  shown  in  Fig.  74. 

If  the  effects  secured  by  long  ages  of  treatment  in  Nature’s 
laboratory  could  be  produced  artificially  on  modern  glass  at 
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Iridescent  Film— By  Polamuu  Light, 


a  reasonable  cost,  it  would  seem  to  be  an  object  well  worth 
striving  for. 


BEAUTIFUL  EXAMPLE  OF  DIFFRACTION. 


Diffraction,  as  is  well  known,  is  the  change  which  light 


mmm 


through  a  narrow  slit  or  aperture  in  an  opaque  body.  The 
rays  appear  to  become  bent  so  as  to  penetrate  into  tin 
shadow  of  the  body.  A  common  example  of  this  phenotue 
non  is  the  experiment  in  which  a  beam  of  light  is  made  t< 
pass  across  the  edge  of  a  sharp  instrument,  a  razor  for  ex 
ample. 

The  most  beautiful  example  of  diffraction  phenomena  h 


we  have  at  present  nothing  to  do  with  the  purely  scieutif 
application  of  this  phenomenon,  we  confine  ourselves  to 
single  example,  as  shown  in  the  mineral  commonly  know 
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as  star  mica  (phlogopite).  A  thin  plate  of  this  mineral 
placed  opposite  a  point,  of  light,  such  as  a  candle  (lame  or  a 
small  gas  (lame,  exhibits  six  radial  bands  of  light  emanating 

Fiu.  75. 


«t  two  ukc  nguren  eaen  navmg  six  Producing  six 
radial  hands,  one  figure  being  much  Band*, 
stronger  than  the  other.  Microscopic  examination  of  the 
plate  shows  a  multitude  of  minute,  needled  ike  crystals.  The 
light  passing  over  the  edges  of  these  crystals  is  diffracted  or 
bent,  so  that  the  rays  which  reach  the  outer  eoge  of  the 
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plate,  as  well  as  those  passing  through  the  central  portions, 
are  bent  inward  in  their  passage,  so  that  they  meet  in  the 
eye  and  produce  the  phenomenon  described.  It  has  been 
ascertained  that  those  minute  crystals  arc  M  hemimorphie 
crystals  of  rutile  elongated  in  the  direction  of  the  vertical 
aNis."  This  phenomenon  was  noticed  by  (*.  Rust*  as  rally 
as  1862,  but  the  nature  of  the  crystals  was  ascertained  by 
Lacroix. 

I  he  diffraction  phenomenon  shown  bv  the  stat  mica  ma 
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scratches  in  the  glass  are  almost  imperceptible  ;  they  are 
readily  produced  by  rubbing  the  glass  lengthwise  and 
crosswise  by  a  block  covered  with  fine  emery  paper,  the 
block  being  guided  by  a  rule. 

A  beautiful  example  of  the  intergrowth  of  the  fine 
crystals  is  shown  in  Fig.  79 ;  the  dark  and  light  bands 
here  represented  are  formed  by  these  crystals,  which, 
curiously  enough,  arrange  themselves  along  lines  parallel 
with  the  sides  of  the  mica  crystals  in  which  they  are  con¬ 
tained. 

LIQUID  AIR  AND  ITS  PHENOMENA. 

In  an  article  in  the  Scientific  American  Prof.  W.  C.  Peck- 
ham  says : 

Renewed  interest  has  recently  been  awakened  in  the 
liquefaction  of  air  by  the  announcement  that  it  can  be  pro¬ 
duced  in  practically  unlimited  quantities.  This  result  has 
been  brought  about  by  the  development  of  the  method  of 
expansion,  and  its  use  in  a  new  and  ingeniously  devised 
apparatus.  Credit  for  this  .is  due  to  Mr.  C.  E.  Tripler,  of 
New  York,  who  has  for  many  years  been  engaged  in  the, 
study  of  this  problem. 

One  of  the  illustrations  shows  the  appearance  and 
arrangement  of  his  plant.  It  consists  of  a  triple  air  com¬ 
pressor,  a  cooler  and  a  liquefier.  The  compressor  is  of  the 
ordinary  form,  having  three  pumps  upon  one  piston  rod 
working  in  a  line.  The  first  gives  60  pounds  pressure,  the 
second  raises  this  to  750  pounds,  while  the  third  brings  the 
air  under  a  compression  of  2,000  pounds  per  square  inch. 

After  each  compression  the  air  flows  through  jacketed 
pipes,  where  it  is  cooled  by  city  water.  For  this  work  about 
40  horse  power  is  employed.  After  the  third  compression 
the  air  flows  through  an  apparatus  which  disposes  of  some 
of  its  impurities,  and  it  passes  on  to  the  liquefier.  It  is  this 
part  of  the  apparatus  which  constitutes  Mr.  Tripler’s  special 
invention.  By  means  of  the  peculiarly  constructed  valve, 
whose  details  are  npt  made  public,  a  portion  of  the  com¬ 
pressed  air  is  allowed  to  expand  into  a  tube  surrounding  the 
tube  through  which  the  remaining  air  is  flowing.  This  ex- 
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panded  air  absorbs  a  large  amount  of  heat  from  the  air  still 
under  compression  in  the  inner  tube.  The  contents  of  the 
inner  tube  are  thus  cooled.  In  this  way  the  air  is  brought 
below  the  temperature  of  liquefaction  and  its  pressure  is  very 


Fig.  Si. 


Triplets  Original  Apparatus — Used  in  1890. 


much  reduced,  so  that,  upon  opening  the  valve  at  the  bottom 
of  the  apparatus,  a  stream  of  liquid  air  is  received,  flowing 
out  with  scarcely  more  force  than  the  water  from  our  ordi¬ 
nary  city  service  pipes.  Thus  the  liquefaction  of  the  air  is 
accomplished  by  the  “self-intensification  of  cold  ”  produced 
by  the  expansion  of  a  portion  of  the  compressed  and  cooled 
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air,  without  employing*  any  other  substance  to  bring*  about 
this  result. 

Through  the  courtesy  of  Mr.  Tripler,  we  are  able  to  pre¬ 
sent  a  cut  of  the  original  apparatus  by  means  of  which,  in 
January,  1890,  the  first  liquid  air  was  made  in  America,  and 

Flu.  8a 
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vious  to  that  time,  as  Mr.  Tripler  states,  his  application  for 
an  English  patent  was  on  file  in  the  English  Patent  Office. 

Our  cut  of  this  original  apparatus  showsthe  tube  through 
which  the  air  under  compression  flowed  into  the  spiral  coil. 
Having  traversed  this  coil,  it  rose  through  a  tube  (not  seen) 
in  the  middle  of  the  coil  and  passed  the  valve  shown  at  the 
top.  The  whole  was  surrounded  by  a  glass  tube  open  at 
the  bottom.  By  the  expansion  of  the  escaping  air  the  coil 
and  the  inner  tube  were  so  cooled  that  liquid  air  trickled 
down  the  pipes  and  dropped  out  at  the  bottom  of  the  tube. 

As  fast  as  the  liquid  air  is  drawn  from  the  liquefier  it  is 
placed  in  tin  cans,  packed  in  felt,  in  which  it  can  be  kept  for 
a  very  long  time.  Cans  have  been  sent  as  far  as  Lynn.  Mass., 
in  one  direction,  and  Washington,  D.  C.,  in  the  other,  and 
the  coqtents  were  not  seriously  diminished  by  evaporation 
in  transit.  Such  a  can  holding  3  gallons  would  not  wholly 
evaporate  in  less  than  8  to  10  hours. 

Prof.  Dewar  invented  a  double  walled  glass  bulb,  in  which 
between  the  walls  a  high  vacuum  is  formed  (Fig.  82). 
In  this  the  air  will  last  five  to  six  times  as  long  as  in  an  ordi¬ 
nary  packed  dish. 

An  extended  table  of  the  physical  constants  of  the  “so- 
called  ”  permanent  gases  is  embodied  in  this  article  and  will 
doubtless  interest  our  readers.  A  glance  at  this  will  show 
that  the  boiling  point  of  the  air  is  the  lowest  temperature 
thus  far  attained  at  atmospheric  pressure.  Only  hydrogen 
and  helium  have  lower  boiling  points,  and  neither  of  these 
has  been  liquefied  up  to  this  time  in  a  free  state,  that  is,  at 
atmospheric  pressure.  The  same  statement  can  be  made 
with  regard  to  air  boiling  in  a  vacuum.  This  has  the  lowest 
temperature  yet  attained. 

The  possession  of  a  large  quantity  of  a  liquid  at  so  low  a 
temperature  makes  it  possible  to  perform  many  experiments 
of  a  very  startling  and  marvelous  character.  When  a  dishful 
of  the  liquid  air  is  dipped  from  the  can,  it  boils  so  violently 
that  drops  of  it  are  projected  to  quite  a  distance.  This  con¬ 
tinues  until  the  dish  is  cooled  to  the  temperature  of  the 
liquid,  when  it  becomes  quiet,  simmering  gently.  In  this 
condition  it  is  turbid,  containing  solid  particles  of  carbonic 
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acid  and  possibly  ice.  These  may  be  iiltered  out  through 
filter  paper,  and  the  liquid  is  seen  lo  be  of  a  delicate  shade 
ol  blue,  clear  as  water. 

Since  the  boiling  point  of  nitrogen  is  130  C.  below  that 
of  oxygen,  it  follows  that,  in  the  first  boiling,  nitrogen  is  dis¬ 
tilled  from  the  oxygen  as  alcohol  may  be  distilled  from  a 
mixture  of  alcohol  and  water  through  the  difference  between 
their  boiling  points.  By  this  means  the  liquid  air  becomes 
very  much  richer  in  oxygen.  The  liquid  air  would  at  first 
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contain  only  20  per  cent,  of  oxygen,  but  after  boiling  for  a 
while  the  proportion  of  oxygen  increases  to  75  per  cent.  If 
the  liquid  be  poured  upon  a  block  of  ice,  it  bounds  off  like 
water  from  a  hot  stove.  The  ice  at  the  freezing  point  is  344” 
I*\  hotter  than  the  liquid  air  -a  distance  of  132" greater  than 
separates  boiling  water  from  ice. 

Fig,  82  shows  a  copper  tube  2  inches  in  diameter,  with 
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walls  •§■  of  an  inch  thick.  O11  pouring  a  couple  of  fluid  ounces 
of  liquid  air  into  the  tube,  and  driving  a  wooden  plug  firmly 

Fig.  83. 


Experiments  Showing  Properties  of  Liquid  Air. 

10.  Frozen  mercury,  n.  liquid  oxygen  in  water.  12.  Frozen  whisky.  13.  Carbonic 
acid  snow.  14.  Burning  carbon  in  liquid  oxygen. 
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in  with  u  hammer,  it  is  driven  nut  almost  immediately,  and 
with  such  violence  that,  boards  overhead  are  indented  by  it. 
About  :oo  cubic  feet  ol  air  are  compressed  into  one  gallon 
of  the  liquid,  occupying  231  cubic  inches.  The  liquid  there¬ 
fore  occupies  but  Ah  °1  the  space  tilled  by  the  gas  at  first, 
and  on  ret  liming  to  its  gaseous  form  at  atmospheric  pressure 
it  must  expand  to  74H  times  its  volume.  The  enormous 
pressure  produced  in  this  transformation  is  thus  apparent. 
It  would  scarcely  seem  to  be  possible  to  construct  apparatus 
in  which  it  could  safely  be  stored  and  allowed  to  come  to 
atmospheric  temperatures. 

Fig.  S2  shows  the  e fleet  produced  upon  iron  by  reducing 
its  tempe ratu re  to  that  of  liquid  air.  An  ordinary  tin  dipper 
placed  in  the  liquid  and  allowed  to  cool  till  boiling1  ceases 
becomes  brittle  and  breaks  like  glass  upon  being  struck 
agnimt  a  table  or  thrown  upon  the  floor.  Copper  and  pla¬ 
tinum,  on  the  other  hand,  remain  tough  at  the  lowest  tem¬ 
peratures. 

Fig,  Hi  shows  a  dish  of  liquid  air  in  which  a  rubber  ball  is 
floating.  It  wilt  be  not  iced  that  the  vapor  flows  over  the  edge 
of  the  dish,  not  rising  in  a  cloud  from  it,  as  does  steam,  since  it 
Is  much  hea\  ier  than  gaseous  air  at  ordinary  pressures.  This 
vapor  presents  the  appearance  of  a  cloud  of  steam  and  would 
be  easily  mistaken  for  it.  The  chill  which  the  hand  receives 
on  being  exposed  to  it  would,  however,  quickly  convince 
one  of  the  difference.  When  the  rubber  ball  has  been  cooled 
to  the  temperature  of  the  liquid,  it  becomes  exceedingly 
brittle,  and  on  being  thrown  against  a  wall  flies  into  many 
pieces.  A  very  curious  effect  produced  upon  a  billiard  ball 
or  other  article  of  ivory  by  cooling  it  to  the  temperature  of 
liquid  air  has  not  been  explained.  On  exposing  it  to  the  arc 
light  for  a  few  seconds  and  viewing  it  immediately  in  a  dark¬ 
ened  room,  it  shines  with  a  brilliant  green  phosphorescence. 

It  is  a  curious  experiment  {see  Fig.  83)  to  hold  a  tube 
in  which  is  liquid  air  in  a  glass  of  whisky,  which  in  a  few 
minutes  becomes  frozen  solid.  On  wanning  the  outside  of 
the  glass  the  solid  whisky  may  be  removed,  and  we  have  a 
whisky  tumbler  composed  of  whisky  itself. 

A  jet  of  carbonic  add  directed  into  a  dish  floating  in  a 
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glass  of  liquid  air  (see  Fig.  8 3)  is  immediately  frozen  and  forms, 
carbonic  acid  snow,  in  the  open  air,  which,  on  being  placed 
upon  a  table,  passes  into  the  gaseous  state  without  melting. 
A  jet  of  steam  directed  into  a  glass  of  the  liquid  air  causes  a 
violent  evaporation  of  the  air  and  condensation  of  the  steam, 
so  that  a  cloud  of  particles  rolls  away  from  the  dish,  but  in 
a  remarkably  short  time  round  hailstones  of  the  size  of  peas 
will  be  found  floating  quietly  in  the  liquid  air.  They  have 
cooled  from  4.2120  to  — 3120  Fah.  in  the  short  space  of  a  few 
seconds.  Consider  how  much  heat  they  have  given  up.  The 
heat  of  evaporation  of  water  is  967°  Fah. ;  2120  more  to 
zero;  1440  given  off  in  freezing,  and  3120  more  in  falling  to 
the  temperature  of  liquid  air;  1,636°  is  the  grand  total. 
Eighty  degrees  per  second  would  be  a  moderate  estimate  of 
the  rate  of  loss.  More  remarkable  still  is  it  to  see  the  air  of 
a  room  condense  upon  the  sides  of  a  tube  in  which  liquid 
air  is  boiling  in  a  vacuum.  Fig.  84  shows  this  experiment. 
When  the  pressure  gage  registers  about  half  an  atmosphere, 
the  liquid  air  is  seen  to  be  boiling  in  the  tube  with  violence. 
Ice  crystals  from  the  moisture  of  the  outside  air  coat  the 
exterior  of  the  tube  ;  but  trickling  down  through  these  crys¬ 
tals,  and  falling  off  to  the  floor,  are  the  drops  of  the  atmo¬ 
sphere  of  the  room  condensed  directly  at  ordinary  pressure 
into  the  liquid  form.  They  disappear  almost  instantaneously 
in  a  cloud  of  vapor  upon  the  floor,  not  wetting  it  at  all— a 
most  singular  sight  to  see  a  liquid  which  does  not  wet  the 
surface  upon  which  it  strikes. 

A  most  striking  experiment  has  been  designed  by  Mr. 
Tripler,  as  were  many  of  the  experiments  which  have  been 
already  described,  to  show  the  tensile  strength  of  frozen 
mercury.  Fig.  83  illustrates  this.  Into  a  paper  dish  is  poured 
a  quantity  of  mercury.  Into  the  ends  of  the  dish  have  been 
inserted  a  pair  of  heavy  screw  eyes.  If  this  dish  is  placed 
in  a  basin  of  liquid  air,  the  mercury  is  quickly  converted  into- 
a  solid,  since  its  freezing  point  is  relatively  high — 30°  below 
zero.  Now  this,  suspended  in  the  manner  shown,  will  sup¬ 
port  a  heavy  weight  for  a  long  time.  A  block  an  inch  square 
in  cross  section  will  not  melt  under  20  to  30  minutes.  Of 
course,  anything  else  could  be  done  with  the  frozen  mercury 
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which  might  be  done  with  any  othei  mihiI.ii  piece  <4  metal, 
as,  for  example,  it  might  be  used  to  dim-  a  u.ub 

Possibly  the  most  striking  experiment  is  this ;  A  quantit  v 
oi  liquid  air  is  poured  into  a  tea  kettle,  am!  the  kettle  is  set 

over  a  hot  fire  of  coals;  the  liquid  air  evaporates  and  shoots 
in  streams  from  the  spout  of  the  kettle  in  a  straight  column 
to  the  height  of  3  to  4  feet  a  sight  which  \\  alt  never 
dreamed  of.  While  this  i>  going  on,  if  a  glass  of  watrt  is 
poured  into  the  kettle,  it  will  be  found  to  be  frozen  in  a  very 
short  time;  and  if  the  kettle  is  removed  fiotn  the  fur,  its 
under  surface  is  found  to  be  covered  with  the  carbon  dioxide 
of  the  fire  frozen  solid  within  a  couple  ut  inches  of  toe  ml 
hot  coals. 

A  piece  of  sponge,  saturated  with  the  liquid  oxygen, 
when  touched  by  a  taper  from  a  Side  distance,  explodes  with 
violence  and  is  blown  into  fine  sit  ret  Is  tscr  Fig.  8.0. 

A  most  beautiful  experiment  is  shown  in  Fig.  Hz,  in  which 
a  newspaper  crumpled  into  a  roll  has  hern  saturated  with 
liquid  air,  and  is  set  on  fire  at  one  end.  It  bums  with  vies 
lenee,  but  not  so  rapidly  as  in  the  liquid  oxygen. 

An  electric  light  carbon  may  be  heated  to  a  red  beat  at 
its  tip,  and  then  plunged  vertically  into  a  deep  glass  of  liquid 
oxygen,  as  in  Fig,  83.  A  most  singular  combustion  takes 
place.  The  heat  of  the  carbon  evaporates  the  oxygen  in  its 
immediate  vicinity,  and  the  carbon  burns  with  great  brih 
liancy  and  violence,  forming  curb  in  dioxide,  which  is  largely 
frozen  in  the  liquid  air  Ik* fore  it  reaches  the  surface  and  hills 
back  to  the  bottom  of  the  dish,  so  that  the  com  bust  ion  is 
maintained  and  its  products  retained  within  the  dish. 

Fig.  82  shows  the.  mode  of  igniting  a  steel  f*cn  or 
watch  spring  in  the  liquid  oxygen.  It  is  only  necessary  to 
stick  the  point  of  the  steed  into  a  match  and  light  it,  to  furnish 
sufficient  heat  to  communicate  the  fire  to  the  steel,  when 
it  burns  with  the  same  brilliancy  as  in  the  ordinary  experi¬ 
ment. 

Fig.  83  shows  a  very  brilliant  experiment.  A  large  flask, 
10  or  12  inches  in  diameter,  in  filled  to  the  neck  with  water. 
Into  the  top  of  the  flask  liquid  air  is  j  mured,  This  at  first 
floats,  since  the  specific  gravity  of  liquid  nitrogrn  is  0*885  ; 


LIQUID  AIR  AND  ITS  I'lIKNnM  1\NA,  279 

but  as  the  nitrogen  boils  away,  leaving  I  lit*  oxygen  behind, 
the  drops  of  oxygen  begin  to  sink  mlo  the  water,  since  its 
specific  gravity  is  1*124.  As  these  drops  sink,  they  are 
partially  turned  into  vapor,  which  of  course  tends  to  rise 
through  the  water.  This  action  communicates  a  rapid  whirl¬ 
ing  motion  to  the  oxygen,  and  drives  it  hack  again.  'Phis 
may  he  many  times  repeated,  giving  a  very  beautiful  ex¬ 
hibition,  since  the  drops  of  oxygen  may  be  as  large  as  an 
inch  in  diameter. 

The  magnetic  character  of  licpiid  oxygen  can  be  exhibited 
on  a  large  scale  in  the  maimer  shown  in  log.  82.  Atest.  tube 
with  a  sitle  tube  is  filled  with  liquid  oxygen,  and  a  cork  in¬ 
serted.  The  side  tube  allows  free  evaporation  to  take  place. 
This  is  then  suspended,  as  shown,  by  a  sling.  If  an  electro¬ 
magnet  be  brought,  near  the  end  of  the  tube,  the  tube  swings 
toward  and  adheres  to  the  pole  of  the  magnet  just  as  if  it 
were  a  piece  of  iron.  This  is,  perhaps,  the  first  adaptation 
of  this  experiment  for  exhibition  on  a  large  scale. 

The  enormous  force  of  liquid  oxygen  is  illustrated  in 
Fig.  84— an  experiment  which  was  tried  at.  the  request¬ 
or  the  inventor  of  one  of  our  best,  known  guns.  A 
heavy  steel  tube,  18  inches  long  and  of  about  an  inch  bore, 
open  at  both  ends,  was  securely  fastened  in  a  vise.  Into  the 
middle  of  the  tube  a  plug  of  cotton  saturated  with  licpiid 
oxygen  was  placed.  This  was  touched  off  by  a  taper  from 
a  sale  distance.  The  effect  of  the  explosion  is  shown  in  the 
figure,  which  is  a  careful  drawing  from  the  tube  itself. 

The  practical  uses  and  applications  of  liquid  air  have  not 
yet  been  made,  but  doubtless  the  inventive  world  will  find  a 


ever  been  to  the  absolute  zero.  It  would  appear  that,  at  the 
point  readied,  chemical  action  has  well  nigh  ceased.  Even 
that  most  active  element  fluorine,  whose  chemical  affinities 
at  ordinary  temperatures  are  uncontrollable,  becomes  com¬ 
paratively  inert.  It  has  recently  been  cooled  in  oxygen  boil- 
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ing  in  a  vacuum  to  ■  -2 to  C.  without  soliditv  mg. 
a  liquid  at  —  ^7"  C.  In  its  liquid  hum  it  had  a 


deeply  embedded  in  the 

tissues,  ami  the  pit iduetion 
of  se  1  i o  u  s  inflammati  *11 
which  accompanies  any  in¬ 
trusion  r*t  this  kmd,  and 
which  is  likely  to  last  tot 
some  tune  alter  the  removal 
of  the  foreign  substance. 

We  are  usuativ  averse 
to  allowing  any  one  to  med 
die  with  our  visual  organs, 
especially  when  it  involves 
anything  akin  to  a  suigual 
Magnifying  Gia«»  and  Plane  Mirror  operation,  so  that  it  we  tan 
used  as  a  Substitute  far  a  Concave  ourselves  when  we 

Mirror.  * .  .  , 

meet  with  a  mislorttme  of 

this  kind,  it  is  our  pleasure  to  do  so. 


AIL)  TO  VISION. 
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in  an  ordinary  mirror,  persons  with  normal  eyesight  can 
easily  locate  it,  and,  in  ninety-nine  cases  in  a  hundred,  can 
remove  it  without  aid  by  using  a  finely-pointed  pine  stick, 
the  extremity  of  which  is  moistened  and  bruised  between 
the  teeth  sufficiently  to  destroy  its  rigidity  and  make  it 
brush-like  at  the  very  point.  Often  the  foreign  body  is  so 
minute  as  to  be  undiscoverable  by  the  means  named,  or  the 
vision  may  be  such  as  to  necessitate  the  use  of  spectacles. 
In  either  of  these  cases  the  ordinary  mirror  will  not  an¬ 
swer;  a  concave  or  magnifying  mirror  is  needed.  This  will 
show  the  object  without  using  spectacles. 

When  the  foreign  substance  consists  of  finely  divided 
particles  such  as  sand  or  dust,  a  wet  camel’s  hair  brush  may 
be  used  to  advantage.  When  the  substance  cannot  be 
removed  in  either  of  these  ways,  the  services  of  an  oculist 
should  be  secured  as  early  as  possible.  If  the  magnifying 
mirror  is  not  available,  a  pocket  magnifier  having  a  diame¬ 
ter  of  1  or  1  inches  and  about  or  3  inch  focus  may  be 
used  in  connection  with  an  ordinary  mirror,  by  placing  the 
magnifier  in  contact  with  the  face  of  the  glass,  as  shown  in 
the  engraving. 

AID  TO  VISION. 

When  age  creeps  on  and  vision  fails,  so  that  eye  glasses 
are  essential  to  the  close  examination  of  near  objects,  it  is 
vexatious  when  a  person  dependent  on  eye  glasses  finds  his 
glasses  have  been  left  or  lost  just  when  they  are  needed 
most.  If  the  light  is  strong,  the  angle  of  vision  may  be  in¬ 
creased  as  the  angle  of  the  photograph  lens  is  increased  ; 
that  is  to  say,  by  the  use  of  a  diaphragm.  The  reading  or 
seeing  is  to  be  done  through  a  pinhole  in  a  card,  or  better, 
in  a  piece  of  thick  tin  foil.  The  perforated  card  must  be 
placed  as  near  the  eye  as  possible  to  secure  the  best  results. 
It  is  not  supposed  that  this  device  will  take  the  place  of 
glasses,  but  as  a  makeshift  in  an  emergency  it  is  valuable. 

A  LLKSON  IN  COM I't.KM KNTA R Y  COLORS. 

A  gentleman  whose  power  of  observation  is  active  re¬ 
cently  retired  in  a  room  having  white  wails  and  ceiling  and 
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furnished  with  yellow  window  shades,  whic  h  were  drawn 
down.  He  was  awakened  in  the  morning  by  the  sunlight 
pouring  in  through  the  yellow  shades.  I  he  \v  alls  and  ceil* 
ing  of  the  room  appeared  to  him  to  be  of  a  light  green  color. 
His  explanation  of  this  phenomenon  was  this ;  l  he  light  in 
passing  through  his  eyelids  was  tinted  red  *,  by  continual 
exposure  of  the  optic  nerves  to  red  light  they  became  tired, 
so  that  when  the  rod  screens  (the  eyelids)  were  removed  by 
opening  the  eyes,  the  sensation  of  the  complementary  color 
was  experienced,  and,  as  a  result,  the  walls  ami  ceiling  ap¬ 
peared  green.  After  gazing  at  the  ceiling  until  the  green 
color  had  vanished,  he  closed  his  eyes  and  covered  them  to 
prevent  light  from  entering  through  the  Uds,  when  a  vivid 
purple,  the  complement  of  the  yellow  or  orange  shade,  was 
seen. 


SOME  SUGGESTIONS  IN  MICROS 

An  object  which  always  Interests  the  mtcrnHeopkt,  and 
excites  the  wonder  and  admiration  of  those  who  regard  things 
microscopic  from  the  point  of  popular  interest,  is  the  circu¬ 
lating  blood  in  living  creatures,  Nothing  In  this  line  has 
proved  more  satisfactory  than  the  microscopic  view  of  the 
circulation  of  blood  in  the  tail  of  a  gold  fish.  Thanks  to  Mr. 
Kent’s  invention  of  the  fish  trough,  the  arrangement  of  the 
fish  for  this  purpose  has  been  rendered  comparatively  simple 
and  easy. 

The  trough  consists  of  a  metallic  vessel  provided  with  a 
thin  extension  at  one  end  near  the  bottom  furnished  with 
glass-covered  apertures  above  and  Ixdaw.  The  body  of  the 
fish  between  the  gills  and  tail  is  wrapped  with  a  strip  of  soft 
cloth,  and  the  trough  being  filled  with  water,  the  fish  k  placed 
therein,  with  its  tail  projecting  into  the  extension  between 
the  glass  covers.  The  tank  is  arranged  cm  the  microscopic 
stage  with  the  tail  of  the  fish  in  position  for  examination.  So 
long  as  the  fish  remains  quiescent,  all  goes  well,  awl  the  tn*au» 
tiful  phenomenon  may  be  witnessed  with  great  satisfaction, 
but  the  subject  soon  becomes  restless,  and  at  the  most  imq*. 
portune  moment  either  withdraws  its  tail  from  the  field  or 
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jumps  out  of  the  tank,  thus  causing  a  delay  which  is  some¬ 
times  embarrassing. 

The  uneasiness  of  the  fish  is  caused  partly  by  its  unnatural 

Fic;.  86. 
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In  Fig.  87  is  shown  a  simple  device  for  dark  ground  illu¬ 
mination.  Although  it  does  not  take  the  place  of  the  para¬ 
bolic  illuminator,  or  the  spot  lens,  for  objectives  oUmv  angle, 
it  answers  an  excellent  purpose.  I  o  a  metallic  slide,  A, 
having  a  central  aperture  surrounded  by  a  collar,  is  fitted  a 
funnel,  B,  of  bright  tin  or  nickel  plated  metal,  which  is  pm- 
vided  with  a  downwardly  projecting,  axially  arranged  wire 
upon  which  is  placed  a  wooden  button  capable  of  sliding  up 
or  down  on  the  wire,  the  button  being  of  sufficient  size  to 


light  by  which  the  illumination  is  effected  passes  the  button, 
and  striking  the  walls  of  the  conical  reflector,  h  thrown  on 
the  object. 

SIMPLE  APPARATUS  FOR  CATHERINE  ANU  EXAMINING 
MICROSCOPIC  oHJl'ItTS. 


The  conventional  apparatus  consists  of  a  staff  to  which  are 
fitted  a  knife,  a  spoon,  a  hook,  and  11  net ;  but  a  great  deal  or* 

be  accomplished  with  far  less  apparatus  than  this. 

The  engraving  illustrates  a  simple  device  by  means  of 
which  the  amateur  microscopist  can  supply  himself  with  as 
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Trsmsferring  Material  to  the  Bottle. 

around  the  bowl  of  the  spoon,  having-  the  ends  ot  the  wires 
bent  at  right  angles  and  hooked  in  opposite  directions.  To 
the  loop  is  fitted  a  conical  cheese  cloth  bag,  and  to  the  bottom 
of  the  bag,  upon  the  outside,  is  attached  a  strong  string,  which 


y 
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The  instrument  is  used  in  the  manner  shown  in  Fig.  88,  that 
is  to  say,  it  is  scraped  along  the  surface  of  objects  submerged 
in  the  water,  the  water  passing  through  the  cloth  and  the  ob¬ 
jects  being  retained  by  the  conical  bag.  When  a  quantity  of 
material  has  accumulated,  the  bag  is  turned  inside  out  by 
pulling  the  string,  and  the  pointed  end  of  the  bag  is  dipped 
a  number  of  times  in  water  contained  in  a  wide-mouthed 
bottle.  The  operation  is  then  repeated.  The  objects  thus 
washed  from  the  bag  are  retained  in  the  bottle  for  examina¬ 
tion. 

The  common  method  of  examining  small  objects  of  this 
kind  is  to  place  a  drop  of  water  containing  some  of  the  objects 
upon  a  glass  slide  by  means  of  a  drop 
tube,  then  to  apply  a  cover  glass  and 
remove  the  surplus  water  by  the  ap¬ 
plication  of  a  piece  of  blotting  paper. 
This  answers  very  well  for  the  smaller 
objects,  but  the  larger  ones  must  be 
examined  in  a  tank  like  that  shown  in 
Fig.  90.  This  tank  consists  of  a  glass 
slide,  A,  to  which  are  attached  three 
glass  strips,  B,  by  means  of  cement 
(bicycle  tire  cement  answers  well  for 
this  purpose),  the  strips  forming  the 
Cross  Section  of  Tank.  bottom  and  ends  of  the  tank.  The 

front,  C,  of  the  tank  is  formed  of  a  piece  of  a  glass  slip  at¬ 
tached  to  the  strips  by  means  of  cement.  To  vary  the  thick¬ 
ness  of  the  body  of  water  contained  in  the  tank,  when  neces¬ 
sary,  one  or  more  glass  slips  are  inserted  behind  the  object. 

SOME  SUGGESTIONS  IN  PHOTOGRAPHY. 

The  field  of  photography  has  been  enormously  enlarged 
by  the  perfection  of  the  different  methods  of  artificial  illumi¬ 
nation.  An  entirely  different  class  of  subjects  is  rendered 
available,  and  persons  whose  business  monopolizes  all  of  the 
daylight  are  furnished  opportunities  for  the  gratification  of 
photographic  tastes,  provided  their  ambition  does  not  lead 
them  to  a  desire  to  “  take  all  out  of  doors  ”  at  night. 
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In  limns  past,  some  fault  lias  been  found  with  Hash  light 
pictures  on  account,  of  the  anxious  expression  of  the  subject 
caused  by  the  expected  explosion  of  the  powder,  or  the  closed 
eyes  which  are  characteristic'  of  pictures  secured  by  Hash 
lights  that  are  not.  practically  instantaneous. 

It,  follows  that  a  Hash  light  must  do  its  work  “  quicker 
than  a  wink,”  and  that,  it  must  be  ignited  by  some  device 
other  than  a  fuse  or  strip  of  paper,  either  of  which  gives 


warning  and  thus  puts  the  subject  on  guard.  Hash  light 
lamps  are  undoubtedly  good,  but,  so  far  as  the  writer  is  aware, 
they  are  all  limited  in  certain  ways.  In  the  first  place  it  is 
necessary  to  compress  a  hull)  to  force  air  through  a  greater 
or  less  length  of  tube.  This  requires  some  effort  on  the  part 
of  the  operator,  and  practically  prohibits  him  from  including 
himself  among  his  subjects,  "if  lie  does  attempt  to  do  this, 
the  rubber  tube  leading  from  the  bulb  to  the  lamp  must  neces¬ 
sarily  form  an  unsightly  addition  to  the  picture  ;  and  further¬ 
more,  the  tube  is  limited  as  to  its  length,  on  account  of  the 
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air  friction,  which  so  reduces  the  blast  in  a  tube  of  consid¬ 
erable  length  as  to  entirely  defeat  the  operation  of  the  light. 

After  enumerating  these  objections  to  the  ordinary  flash 
light  lamp,  it  is  perhaps  unnecessary  to  allude  to  the  matter 
of  expense.  However,  the  lamps  range  in  price  from  $1.50 
upward. 

In  Figs. 92  and  93  is  shown  flash  light  apparatus  the  cost  of 
which  is  practically  nothing,  as  the  needed  materials  may  be 


fio.  93* 


The  Flash. 


purchased  for  a  few  cents,  and  the  labor  involved  is  a  matter 
of  only  a  few  minutes.  A  description  is  hardly  necessary ; 
the  engravings  tell  the  whole  story. 

Two  loops  soldered  to  the  bottom  of  a  small  tin  pan  re¬ 
ceive  a  wire  which  is  bent  at  one  end,  forming  a  spiral,  into 
which  is  inserted  a  little  roll  of  asbestos.  A  fish  line  sinker 
is  placed  on  the  wire  previous  to  bending,  and  near  the  pan 
the  wire  is  bent  to  form  a  shoulder,  which  holds  the  wire  in 
a  stable  position  when  raised,  as  shown  in  Fig.  92.  The  other 
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extremity  of  the  wire  is  bent  at  nearly  a  right,  angle  and 
lonned  into  a  loop,  then  returned  to  form  a  practically  T- 
shaped  arm  with  an  open  eye  at  its  extremity.  A  stout  black 
thread  of  sufficient  length  to  reach  as  far  as  may  he  required 
is  tied  in  the  loop. 

At  the  point  in  the  surface  of  the  pan  where  the  asbestos 
strikes  when  pulled  over,  a  shallow  cavity  is  formed  by  bur¬ 
nishing  the  tin  with  a  rounded  instrument  like  a  tool  handle* 

Fun  <M* 


me  an  urmg  piaceu  over  a  cup,  a  tmx  cover,  or  something 
of  that  kind  which  will  support  the  metal  around  the  cavity 
during  the  operation  of  burnishing. 

The  pan  is  secured  to  a  heavy  wooden  block  or  to  any 
fixed  support  by  means  of  two  or  three  tacks  driven  through 
its  rim.  One  or  two  boxes  of  Blitz-pulver  should  be  placed 
in  the  cavity  in  the  tin ;  a  few  drops  of  alcohol  are  poured 
on  the  asbestos ;  the  apparatus  is  placed  on  a  step  ladder  or 
other  high  support,  which  is  located  at  the  side  ot  the  camera 
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susDended  at  the  back  of  the  apparatus  and  from  18  to  24 
Inches  distant.  If  the  operator  is  not  included  among  the 
subjects  the  black  thread  is  simply  connected  with  the 
lower  loop  so  that  a  rearward  pull  of  the  thread  will  tilt  the 
wire  arm  forward.  If  the  operator  desires  to  include  him¬ 
self  in  the  picture,  the  thread  is  slipped  into  tne  eye  at  the 

end  of  the  wire,  so  that  pulling  the  thread  from  the  front 
~iii  nit  the  wire  armforward.  Now,  everything  being  ready. 


FiG.  95. 


Plate  Rack. 


the  alcohol  is  lit,  the  operator  takes  his  position,  pulls  the 
thread,  and  the  thing  is  done. 

When  the  subjects  are  so  posed  with  reference  to  the 
source  of  light  as  to  produce  undesirable  dark  shadows,  this 
trouble  may  be  avoided  by  arranging  newspapers  so  as  to 
reflect  more  or  less  light  on  the  shaded  side. 

To  secure  good  flash  light  pictures,  two  things  in  addition 
to  a  good  instrument  are  required  ;  one  is  an  instantaneous 
light  of  sufficient  intensity,  the  other  is  an  instantaneous  plate 
of  the  kind  known  as  isochromatic  or  orthochromatic. 
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For  such  subjects  as  require  instantaneous  work,  the  ex¬ 
plosive  powders  are  useful,  and  perhaps  in  the  majority  of 
cases  necessary,  but  for  nine-tenths  of  the  work  Hash  lights 
o!  the  torch  type,  using  pure  magnesium  powder,  without, 
any  explosive,  answer  perfectly,  while  they  have  the  ad  van- 
tage  of  producing  a  less  offensive  smoke  and  of  avoiding 
all  danger. 

The  annexed  engraving  shows  an  exceedingly  simple  and 

I'li;.  {)(>, 


A  Mafnetium  Torch, 


very  effective  torch  for  burning  pure  magnesium  powder. 
It  is  similar  to  some  found  at  the  stores  ;  it  differs  mainly  in 
the  matter  of  construction  and  materials.  A  vial,  3  inches 
high  and  1  inch  in  diameter,  forms  the  receptacle  for  t tie 
powder.  The  neck  of  the  vial  is  large  enough  to  receive  a 
small  rubber  or  cork  stopper  (rubber  preferred)  having  two 
perforations.  In  one  is  inserted  a  tube  having  its  lower  end 
projecting  £  of  an  inch  below  the  stopper,  this  end  being 


or  about  as  large  as  a  good  sized  pm  lists  tube  o,  t  urved 
over  tit  receive  the  rubber  pipe  In  wb  It  flir  blast  m  im- 
nished  to  the  apparatus. 

In  the  other  aperture  of  the  stoppn  i%  ttmrtfrd  a  jnn r 
of  tubing  of  about  A  inch  internal  duusri n  ami  a  length  »4 
3I  inches.  The  tubes  mav  be  ot  glass  *0  hi .ms 

A  wire  spiral  bent  into  a  fit*.  lr  ami  *  < mii'  t  fed  at  the  ends 
receives  a  roll  of  woolen  cloth,  01  Ir-ftrj  .1  tilling  *  a  adu-uon 
fiber,  and  the  end  of  tise  wtu*  lojimiig  the  spnal  is  brut  at 
right  angles,  and  wrapped  aiouml  tlir  tube  \  <piai o- j  nu  h 
space  is  left  all  around  the  tube,  between  tin-  tube  and  the 
inner  portion  of  the  spiial.  The  \  sal  m  on r  ipiaitn  nur 
hall  tilled  with  fine,  pine  magnesium  pow  «!»•» ,  and  f  hr  hhi><tis 
material  in  the  wire  spiral  is  sains. sird  with  ah  -  .h**l  Wisest 
all  the  preparations  for  the  e\po\mr  h.u  *  bem  made,  m*  hid 
ing  lighting  the  alcohol,  theopriatoi  b!**u  fln--*t?gli 

the  rubber  tube  ;  the  eoiiceutiated  jet  ->ui  ■>  up  the  p  .udn 
in  the  vial  thoroughly,  ami  the  an  e*,,  aping  tlnou^h  lit*- 
longer  tube  carries  the  powder  through  the  flame,  then  pi«. 
during  a  spire  of  flame  about  *  frrs  high,  pu..*» 

may  he  made  if  the  subject  is  one  irsjmi mg  '4 long  sllinmna 
turn. 

The  principal  point  to  look  out  l« •»  is  to  make  tin-  n.ie 
tr acted  blowpipe  of  such  cap.tcitv  srlatne  to  the  dm  h.ugr 
tube  as  will  insure  the  comparatively  sh *w  passage  *4  die 
powder  through  the  flame.  U  the  blowpipe  i%  to**  lai  gr,  thr 
powder  will  pass  through  the  Hamr  *%»*  sapid!*  as  to  lad  of 
igniting.  In  this  wav  a  large  proportion  of  the  g«m«lri  may 
be  lost ;  but  with  correctly  proportioned  tubm  thr  t 
tiori  is  very  perfect. 

The  writer  has  taken  a  imtttU'rof  fair  %t/ot  with 

this  torch.  Pure  magnesium  powder  1  an  !*r  used  in  this 
apparatus  with  perfect  safct v«  hut  exploiter  |«»wifri%  ir*rd 
in  a  confined  space  (such  as  thr  vial  in  tins  UttfU*  air  dan¬ 
gerous. 


TRAYS  FOR  IlRVt  t.oHNo,  t  tXINt*.  t  |»  . 

Among  the  items  of  expense  in  thr  list  «4  tfir  amateur 
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photographer’s  supplies  will  he  found  trays  for  developing, 
fixing,  intensifying1,  toning,  etc.,  and  the  temptation  is  often 
great  to  make  one  or  two  trays  answer  all  purposes;  but 
modern  photography  forbids  the  double  use  of  tniys,  so  that, 
the  operator  must  either  purchase  or  make  trays  for  himself. 

In  Fig. 94  is  seen,  in  the  upper  figure,  a  pasteboard  blank, 
which,  when  creased  as  indicated  by  the  dotted  lines,  bent 
up  and  fastened  at  the  corners  by  pieces  of  cloth  glued  inside 
and  outside  as  shown,  forms  a  foundation  for  a  serviceable 


tray.  All  that  is  required  to  complete  the  job  is  to  fill  the 
pores  of  the  pasteboard  and  cloth  with  paraffine. 

There  are  two  ways  of  doing  this.  ( )ne  is  to  clip  the  tray 
into  paraffine  melted  in  a  pan  of  suitable  siae  ;  the  other  way 
is  to  melt  the  paraffine  by  means  of  a  hot  iron  and  allow  it 
to  drop  cm  the  pasteboard,  afterward  spreading  it  with  the 
hot  iron.  In  either  case  a  liberal  supply  of  paraffine  should 
be  left  in  the  corners.  Paraffine  candles  will  furnish  the  ma¬ 
terial  for  saturating  the  tray  when  paraffine  in  bulk  is  not 
available. 

In  Fig.  95  is  represented  a  simple,  easily  made  and  efficient 
negative  rack.  It  consists  of  thin  wire  frames  pivoted  to  the 
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I  4  15} 

base  board  and  provided  with  .  **5  *»•:•'* »''‘rni ng 
the  edges  of  the  plates. 

In  Fig.  97  is  shown  a  method  «!.ta  s<«*w  tUuimu.itnm 
wu:,m  nrrmits  of  examining  the  neg.it nr  f!i.*onu;li h  dm  mg 
the  process  of  development  without  undid*  rxpoMiig  the 
plate.  It  consists  of  u  t  wo-ramllr  }«m%*  i  an,  amir-,*  rsii  limp 
attached  to  a  handle  and  inclosed  h\  a  hrim-.phrin  A  irMn  tui 
closed  at  the  front  with  a  dink  *»!  dai  l  i  nh\  glox  l  h,  limp 
is  held  near  the  plate.  AH  of  the  light  c.  thmnu  dounu  aid, 
so  that  the  eves  receive  oiilv  the  hght  irilnfr.f  lo.m  thr 
plate.  Furthermore,  oiilv  a  mu. id  sr*  tn «n  * >t  f hr  plat  <•  s-,  e\ 
posed  to  the  light  at  anv  time,  When  thr  lamp  n*»r  in  mr 
in  the  manner  deseril»ed,  it  i*»  rithet  laid  !.u  r  d»»«n  «<n  thr 
table  or  suspended  ho  as  t*»  light  tin*  4,«L  o»..m 

}‘IJO  loitH  li-tll*  1  ■ 

In  this  cane,  which  is  sh< *w  u  m  nutr  and  u* »nt  nr«  fionat 
elevation  in  Figs,  9K  and  99  the  lira*!  U»t m-.  a  »  annua,  w  hde 
the  tubular  body  of  the  cane  forms  a  inneti  h*t  thr  wn- 
sitized  celluloid  strip.  The  head  }*♦  «ir«ni  t«»  the  ImkIv 
and  carries  a  plate.  A,  which  extends  d««wt*  into  tlir  uur. 
On  the  stud,  a,  projecting  from  thr  pt.tfr,  r-.  jumnatrd  the 
roller,  B,  and  at  the  lower  end  of  the  platr,  A,  is  jontii.iiol 
a  roller,  C.  A  celluloid  strip,  D.  passes  ,0* mud  thr  f«»||rf% 
B,  C.  This  strip  is  preferably  made  rndhrv*  hv  joining  its 
ends  by  means  of  two  or  three  «*r  rvrn  a  -atiall  pm, 

to  permit  of  giving  suitable  tension  to  the  strip,  l  Ur  it  tip 
is  guided  by  rollers,  *\ 1  fltr  »oj|rn, ,  l  II,  and 
hold  the  section,  d%  of  the  film  i«  the  h«  A  plane  I  hr  lotlrr, 
B,  is  provided  with  a  stem,  c.  width  extends  through  the 
side  of  the  cane  head  and  is  furnished  with  .1  smiled  brad,  f. 
The  roller,  B,  in  provided  with  p* *m»s,  £t  *m  dtamrt  ru  aUv 
opposite  sides  for  puncturing  the  wnuti/rd  idu*  at  thr  rwh 
of  the  exposed  portion,  ami  the  inte  r  *mrfai  r  *4  tf?r  nollrd 
head,/,  is  provided  with  ravitir%,  A,  1  <  u  ir"4|w#ml««|»  in  p>  an* 
tion  with  the  points  on  the  roller ,  f  I,  and  to  thr  side  of  the 
cane  head  is  attached  11  spring,  s,  fur nrdird  with  4  projrt* 


I’ll t)T( ) G RAH  1 1 C  CANE. 
F ns.  98. 
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tion  which  enters  into  one  or  tin-  othet  »«?  tin- t  .tv  ittr\.  and 
thus  causes  the  him  t * >  legist  ei. 

In  the  earn*  head  neat  the  him,  Ih  set  umi  ,t  plait .  K, 
provided  with  a  rectangular  aprrtuie.  *,  tin*  u  im  h  th< 

exposure  is  made.  To  the  fititi!  .•!  the  pi, sir  r.  htuged  a 
shutter,  X\  the  pivot  nt  vv  huh  is  po  >1«  aigr*  I  ,md  tui  united 
with  a  spring,  /.which  tend**  t« » 1 lose  fbr  ditifirs  am!  herp  it 
closed.  The  earn,  m,  formed  ms  tie  htm;e  e*  pi-ntdrd  vv  it  Is 
a  notch,  //,  lor  receiving  tSu*  rml  «•!  i hr  -.pssm,:,  \  Imifou. 

/•,  extends  t  (trough  the  Ion  rt  wad  '  *!  fir-  »  ,uu  hr, id.  \\  hr  l» 
the  button,  /*.  is  pushed  the  similes  S  h  1  -  >  n  u  -r*rii  .Hid  the 
earn,  /w,  trips  the  end  »»t  t  hr  spurn.' .  aU  *«  tin-  di  uf  te  *  i  <  * 
dose.  H  it  is  desiied  to  ptoimu'  fir  ■  v-.u-.  ,  ?h>  dmlfn 
mav  he  opened  more  t  .iteitdiv  .uid  lo-id  •  .p>  n  ,r.  a  >ny  r.  m.iv 
he  required  hriotr  pushing  t hr  butt.  m,  f.o  ■  t  •  * 

cause  the  spring  to  tnp. 

The*  lens,  */,  is  pS;u  rd  in  tt?r  »  an?  r«  ,r  i  ns  pt « «:  •■  t  • <  Li!  i*  as 
to  the  reposed  portion  « it  f hr  Id*;?,  It,  usd  Ua <  end  >  fin 

cane  head  is  imuMted  u  ilh  .I  ’.umIJ  hen*'  d  *  •,  a  !m  h  r» 

held  hi  a  dosed  position  In  the  sptmg  *  .if*  h,  ,  \\  hen  n  t-, 

desired  to  make  an  etposuK  the  spin;  ■  ,%u  is.  ,  |*n  «l„ 
when  the'  cap,  / ,  ties  open  ,  t h»  u  1  lr  dull  n,  r ,  s->  pushed, 
opening  the  shutter  in  tin  m.um*  *  ahead*  di<-  1  sUd,  mak¬ 
ing  the  exposure.  Alter  t hr  e \ po>ai J  *’  }-.  need  the  nulled 
head,  /,  is  turned  a  halt  1  e  v» 4»t  r *u,  w  liras  the  1  .tmru  is 
ready  for  another  operation,  t  ti  rminr,  it  r>  nrt  rV,.ii  1  !**i 
the  operator  to  either  count  the  mimlx-g  *♦!  r  vp*.  mirs  * <?  f*» 
attach  to  the  him  a  button,  /,  who  h  will  u« *t  pass  l»rf«rm» 
tlie  rollers,  C,  When  the  him  *  an  hr  turned  »»■*  Siirtliri ,  tt 
will  indicate  that  the  him  is  list'd  up 

a  t  nwr  mi  n  i  t  %Mi.n%, 

While  it  may  he  too  early  to  *;t\  the  * »hbfmtr  plate. holder 

camera  has  had  its  day,  it  cannot  !«*  dented  tli.it  t$?„tfpi/tftc 
cameras  of  various  kinds  are  «ui|wr%rsiiiig  the  old.biduonrd 
camera,  especially  among  twtmts  amt  others  who  dr  sue  to 
accomplish  a  great  deal  photographs*  ,sUv  in  a  ver\  short 
time.  The  magazine  camera  m  tit  pSiotograptn  what  thr 
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Gatling  gun  is  in  warfare.  It  enables  the  operator  to  not 
only  secure  a  great  number  of  subjects,  but  it  often  allows 
him  to  get  a  view  which  would  be  lost  if  the  plates  were  to 
be  changed  by  the  clumsy  device  of  the  ordinary  plate  holder. 

The  low  price  and  good  cpialily  of  plates  and  cut  lilms 
contribute  in  no  small  degree  to  the  success  and  popularity 
of  the  magazine  camera.  There  is,  however,  still  a  bar  to 
its  very  general  use;  that  is  the  high  price  at  which  these 
instruments  have  been  held.  As  their  roust  ruction  has  been 
somewhat  complicated,  and  as  good  workmanship  is  neces¬ 
sary  to  insure  accuracy  and  reliability,  the  cost  of  numulac- 
ture  has  been  so  great  as  to  warrant  existing  [trices. 

The  engraving  represents  a  magazine  camera  which  is 
reliable  in  its  action  and  at  the  same*  time  so  simpb*  i hat 
its  construction  is  quite  within  the  range  of  the  amateur  or 
ordinary  nu'chanic. 

A  plate  holder  or  kit  is  required  for  each  plate  or  him. 
The  holder  consists  of  a  hard  .rood  frame  a  little  larger 
inside  measurement  than  the  plate  or  the  him  holder,  with 
a  piece  of  thin  veneer  glued  to  the  back.  The  upper  edge 
ul  each  holder  is  beveled  on  the  front,  while1  the  lower  edge 
is  beveled  on  the  rear,  as  shown  in  Tig.  ioi.  Two  was  hen  s 
or  burs  let  into  the  upper  part,  ol  the  frame  project  into  the 
space  which  receives  the  plate,  and  in  a  recess  in  the  lower 
part  of  the  frame  is  pivoted  a  button  which,  when  turned 
transversely,  holds  the  lower  edge  of  the  plate  in  the  holder. 
In  the  lace  of  the  holder  at  the  upper  corners  are  formed 
notches  for  receiving  the  nibs  of  the  hooks  which  are  used 
for  changing  the  plates. 

'fhe  camera  box  is  divided  by  a  vertical  partition  into 
two  compartments.  In  the  front  compartment  is  located  the 
lens  and  shutter,  while  the  rear  compartment  is  subdivided 
into  two  similar  chambers  by  a  horizontal  partition,  which 
extends  toward  the  vertical,  leaving  a  space  which  is  sufficient 
to  allow  the  holder  lying  in  contact  with  the  vertical  parti¬ 
tion  to  be  transferred  from  the  upper  chamber  to  the  lower 
one. 

To  the  rear  end  of  the  camera  box  -which  is  removable 
—is  attached  a  pair  of  pillow  springs,  which  hold  the  plate 
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holders  in  the  two  chambers  in  c»  intact  with  the*  vertical  par- 
tition.  To  the  end  of  each  spring  is  utt.u  hrd  4  htiStmrt, 
which  bears  against  the  plate  holders.  Hu-  uppn  ittlltm  n 
has  square  edges  all  around;  the  uppri  edge  «*!  thr  Itnvr-i 
follower  is  beveled  in  the  same  maimer  as  the  plate  fmidr? 

The  vertical  partition  has  opposite  the  huts  4  rn  tatigiil.u 
opening,  through  which  the  plate*  is  exposed,  and  in  thr  \*er- 


Thtt  Shuii**r, 


txcal partition  are  formed  grooves  about  thrrc.slxtcri.ths  inch 
deep  and  wide.  In  the  bottom  of  the  bov,  oppoMlc  these 
groove8,  are  formed  mortises,  for  receiving  the  f-sluncd 
shifting  rod  which  slides  in  tlie  grooves.  The  upper  cuds 
of  these  rods  are  reduced  in  thickness,  and  Item  minv  ml 
slightly  to  cause  the  nibs  at  the  ends  of  the  bar  to  enter  the 
notches  in  the  upper  corners  of  the  holder.  After  the  hrxt 
p  ate  is  exposed,  the  shifting  rod  is  pulled  down,  thus  earrv. 


A  CONVENIENT  CAMERA. 


ing  the  plate  holder  from  the  upper  chamber  downward  into 
the  lower  chamber,  in  front  of  the  follower,  which  is  forced 
backward  by  the  engagement  of  the  beveled  lower  edge  of 
t he  plate  holder  with  the  beveled  upper  edge  of  the  follower. 
Atte r  the  second  exposure,  the  plate  holder  is  drawn  down 
in  front  of  the  first  plate  holder,  and  so  on. 

It  will  be  seen  that  the  magazine  may  be  made  for  any 
number  of  plates. 

The  lens  in  the  camera  illustrated  is  a  wide  angle  achro¬ 
matic  of  short,  focus.  It  is  fixed  at.  such  a  distance  from  the 
plate  as  will  enable,  it  to  cut  a  clear,  sharp  image  at  a  dis¬ 
tance  of  eight  feet.  No  focusing  mechanism  is  provided,  as 
it  is  found  that  better  results  can  be  secured  in  a  camera  of 
this  kind  by  having  the  lens  in  a  fixed  position,  'flic  lens 
tube  is  provided  with  a  revolving  diaphragm  located  between 
the  lenses. 

Lenses  of  this  kind, suitable  for  hand  cameras,  can  be  pur¬ 
chased  from  the  dealers  with  or  without  a  shutter.  A  very 
simple  and  efficient  shutter  is  shown  in  Fig.  100.  It  is  inserted 
in  slots  formed  in  the  lens  tube,  behind  and  very  near  the 
diaphragm.  The  narrow  end  of  the  plate,  A,  forming  the 
fixed  portion  of  the  shutter  is  provided  with  ears,  r  <r,  which 
act  as  guides  for  the  slide,  B.  A  clip,  r,  placed  on  the  lower 
end  of  the  plate,  A,  guides  the  lower  end  of  the  slide,  B.  It 
is  held  in  place  by  a  lip  on  the  lower  end  of  the  plate,  A. 
The  plate  and  the  slide  are  each  provided  with  a  circular 
opening  a  little  larger  than  the  largest  aperture  of  the  dia¬ 
phragm. 

To  the  plate,  A,  is  pivoted  a  spring-pressed  trigger,  dt 
which  engages  the  notches  in  the  edge  of  the  slide,  B.  One 
end  of  the  spring,  F,  is  inserted  in  the  plate,  A,  the  other  end 
being  attached  to  the  slide,  B.  The  upper  end  of  the  slide,  B, 
is  bent  over  and  perforated  to  receive  a  stout  string,  which 
extends  through  the  top  of  the  camera  and  is  used  for  setting 
the  shutter. 

To  the  inner  surface  of  the  camera  top  is  attached  a  flat 


A,  coincide  for  an  instant,  thus  junking  Hit?  exposure,  1** 
change  the  diaphragm  it  k  necessary  to  ii|irn  tlir  front  of 
the  camera.  To  prevent  the  exposure  of  the  plate  a  swing 
ing  door  (not  shown)  is  provided,  which  cIohch  the  opening 


A  mahogany  case  of  convenient  form  is  divided  into  four 
compartments  by  horizontal  and  vertical  partitions.  Division 
b  contains  a  mirror,  b\  placed  at  an  angle  of  45  »  which  throws 
the  image  formed  by  the  lens,  ///,  upon  the  ground  glass,  A 
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so  that  during  the  taking  “1  the  impression  the  position  u! 
the  object  may  be  observed.  Division  a  contains  ftom  l.*  to 
24  sensitive  plates.  Iinnlv  pressed  by  a  spiral  spring,  by  which 
they  are  moved  forward,  when  one  of  the  plates  in  divisinu. 
d,  is  shifted  by  means  of  the  transferring  toil,  /, so  that  it  may 
receive  the  light  from  the  object  .glass,  (>.  The  next  plate 
moves  in  front:  of  the*  one  already  exposed.  Kirn  plate  D 
fixed  in  a  small  shield,  so  that  the  forwutd  plate  protects  all 
those  behind  it  from  the  injurious  influence  ul  the  light.  The 
object  glass  is  closed  independently  of  the  shutter.  The  in 
stantaneous  shutter  is  placed  in  a  compartment  in  limit  of  the 
objective,  and  is  therefore  nut  of  sight  anti  piotectrd  from 
injury. 

<1,1  >u»  rito m h.k \ettv 

The  annexed  half  tone  engraving  is  fmtti  a  t  hmd  photo¬ 
graph  taken  by  Mr.  A.  J.  Ileurv,  of  the  Weathet  liuteatt. 
This  print  was  made  from  a  single  negative  taken  with 
one  exposure,  and  it  is  through  the  courtesy  of  Ms.  I lenrv 
and  Mr.  McAdie,  of  this  bureau,  that  we  air  enabled  to 
give  our  readers  the  secret  of  this  remarkable  effect. 

The  picture  is  taken  through  a  tuonochn wiattc  screen. 
The  one  found  most  effective  is  that  formed  of  a  saturated 
solution  of  bichromate  of  potash  inclosed  in  a  plate  glass 
cell  having  parallel  sides.  The  construction  «»f  this  ceil  K 
shown  in  the  second  engraving,  in  which  #/  ##'  are  squares  of 
plate  glass  and  b  is  a  ring  cut  from  a  glass  tube  and  ground 
to  render  its  edges  parallel  and  smooth.  Our  side  of  t hi¬ 
ring  is  perforated  and  furnished  with  a  stopper.  The  ring 
is  cemented  between  the  two  glass  plates  with  hakim  of  hr 
or  other  suitable  cement.  The  saturated  solution  of  bh  hm 
mate  of  potash  is  introduced  through  the  perforation,  ami 
the  cell  thus  made  is  inserted  in  a  piece  of  cork,*,  which  fits 
over  the  collar  of  the  camera  lens.  I  he  proper  thickness 
for  the  cell  is  shown  in  the  engraving,*  the  diameter  will,  of 
course,  vary  with  the  si/e  and  the  angle  of  the  lens.  The 
exposure  for  the  negative  from  which  our  illustration  was 
taken  was  four  seconds. 


CLOUD  I’HOTOllRAl'IIY. 
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her  band,  //,  was  st  ret  dual  around  diagouulh  «*pp<  »Mtr  cuds 
al  the  pieces  ni  pasteboard  within  the  u  hr  anus,  a,  and  was 
prevented  from  slipping  by  the  ends  ot  the  aims  w  Inch 
entered  the  pasteboard. 

This  shutter  was  set  in*  raising  the  hoot  pat t  so  as  to 
bring  the  lower  imperforate  portion  against  the  I  *  *  *ut  ot  the 

lens  tube,  thereby  shutting  off  the  light,  then  bringing  tin- 
thread,  <\  already  attached  to  the  deat  on  the  station,*!  v 
part,  around  the  deat  on  the  movable  part,  Utr  rxpom:  e 
was  made  bv  cutting  the  thread  by  mean**  ot  a  paii  of  M'is- 
sors  as  slunvn  in  Fig.  105.  The  ionising  was  dour  u  Inle  flu¬ 
sh  utter  was  held  open  by  amK  »er  thread,  */,  having  a  l*»  <p 
in  it,  which  was  slipped  on  the  iron!  drat,  as  sfumn  in 
the  figure. 

To  make  a  slightly  prolonged  r\|«»s«ir,  tin*  tlsir.uS,  *, 
which  held  the  shutter  closed,  was  rut  hi  st  as  show  n. 
The  looped  threat!,  #/,  which  held  the  slnittn  nprii,  was 
cut  immediatetv  after  it,  the  time  elapsing  bet w tm  tutting 
the  first  and  second  threads  being  the  time  of  t-vposmr 
The  rapidity  of  the  shutter  is  increased  l»v  adding  another 
rubber  baud. 

nm-a.uiMNt;,  iXMAAtmxo  am*  umno. 

Rodinal,  a  new  photographic  developer,  invented  01  tbs 
covered  by  Dr.  M.  Anderson,  of  Berlin,  is  one  of  the  best 
developers  known. 

It  is  very  simple  ami  effective.  It  works  rapid! v  and 
produces  good  results. 

The  directions  for  its  use,  as  furnished  by  the  iiiaiitifat* 
hirers,  are  given  below  : 

Prepare  a  diluted  developing  solution  bv  adding  t* *  t  part 
of  rodinal,  by  measure,  30  parts  of  water,  by  itieasuie. 

Developing  should  be  commenced  with  this  solution. 

The  image,  even  on  under-exposed  plates,  will  appear 
rather  rapidly,  though  it  will  require  three  or  fotu  minutes 
to  bring  it  out  fully,  allowing  sufficient  time  to  watch  the 
progress  of  development 

1.  Under-exposed  plates  ran  generally  hr  finished  with  a 

dilution  of  r.30  without  obtaining  a  negative  with  too  great 
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contrasts.  Should  there  Ik*  a  considerable  under-exposure, 
add  to  the  solution  $  to  10  parts  of  water  additional. 

Rodiual  not  being  liable  to  fog  the  image,  developing 
mav  be  continued  lor  a  very  long  time.  A  soft  negative 
will  then  be  obtained  with  an  image  properly  and  har¬ 
moniously  worked  up,  which,  if  required,  may  be  intensi¬ 
fied. 

2.  Should  the  plate,  on  developing  with  a  solution  1:30, 
prove  to  be  over-exposed,  remove  the  developer  from  the 
tray,  and  add  to  it,  in  order  to  make  it  work  with  greater 
contrasts,  an  ample  quantit v  ol  a  solution  of  bromide  of 
potassium  and  a  lew  drops  of  undiluted  nulinal, 

To  this  end  it  will  be  found  useful  always  to  hold  ready 
a  solution  ol  t  part  of  bromide  of  potassium,  3  parts  of 
water,  3  parts  of  rodiual,  to  he  added  by  drops. 

The  following  humuke  are  furnished  by  John  C'arbutt  : 

At  tt»  HXINu  A\G  Ct, FAKING  HATH. 

Sulphuric  acid . .  .  ...  1  drachm. 

1 1  vtiosulphitc  of  soda  . . ..if*  ounces. 

Sulphite  of  soda  .  .  .  “ 

C 'brume  alum1' .  1  “ 

Warm  water .  .  .  ...  ............  d>4  " 

Dissolve  the  In  posulphite  of  soda  in  4H  ounces  of  water, 
the  sulphite  of  soda  in  #»  ounces  of  water,  mix  the  sulphuric 
acid  with  „•  ounces  of  water,  and  pour  slowly  into  the  sub 
phite  h« ula  solution,  and  add  to  the  hyposulphite,  then  dis 
solve  the  chtotm*  alum  in  K  ounces  of  water  and  add  to  the 
bulk  of  solution,  and  the  bath  is  ready.  This  fixing  hath 
will  nut  discolor  until  alter  lung  usage,  and  both  dears  up 
the  shadows  of  the  negative  anti  hardens  the  film  at  the 
same  time. 

After  negative  is  cleared  of  all  appearance  of  silver 
bromide,  wash  in  running  water  for  not  less  than  half  an 
hour  to  free  front  any  trace  of  hypo,  solution.  Swab  the 
.surface  with  wad  of  wet  cotton,  rinse  and  place  in  rack  to 
dry  spontaneously. 

•  {luting  r«4*l  «*r<ttitrr  u««  unH  *4  miner  timmie  alum  In  above. 
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Water .  ,*«»  ( ittmvs. 

Sulphate  uf  iron .  t 

Sulphuric*  arid * 

Alum . 1 


If,  after  developing  and  living  the  negative,  it  is  ft  mud  to 
be.  stained  yellow  from  the  pyro,  nr  hvdroehtmm  dewdopet , 
first  wash  well  to  remove  hyposulphite,  then  immetse  in 

above  solution  until  the  stain  is  removed;  again  wash  well, 
and  dry. 

It  will  improve  lantern  slides  to  immerse  them  lor  a  tew 
minutes  in  the  clearing  solution  ultet  being  well  f reetl  fiunt 
hyposulphite. 

INTKNStmXO  sot  rt  it  »,v 

Intoisijitation.  With  eorreet  exposure  and  development, 
intensification  need  never  be  resorted  to.  The  follow  my 
formula  is,  however,  very  effertive,  and  the  most  permanent 


of  all  methods. 

No.  i. 

Biehlor.  mercury . .  ,  ,  .  ,’40  grains. 

Chloride  ammonia . .  . .  .  .  440 

Distilled  water.  . . .  ,  .  it*  ounces. 

No.  i. 

Chloride  ammonia.  .  ..........  ...  440  grains, 

Water, . . . .  ...  Jo  on  nees. 

No.  3, ■—Cyanide  Silver  Solution. 
Distilled  water, ....  .  ..........  t»  ounce* 

Cyanide  potass,  c.  p,  .  60  grains. 

Distilled  water. ........  -  .  . ,  .  1  ounces. 

Nitrate  of  silver. . . .  .  ,  fto  grains. 


Pour  the  silver  into  the  cyanide  solution  while  stirrme 
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utes,  and  again  wash  thoroughly;  this  is  to  insure  the  per¬ 
k'd  elimination  of  the  hypo.  The  least  trace  oi  yellow¬ 
ness  after  intensifying  shows  that  the  washing  was  not  suf¬ 
ficient. 

Flow  sufficient  of  No.  1  over  the  negative  to  cover  it, 
and  allow  to  either  partially  or  entirely  whiten ;  the  longer 
it  is  allowed  to  act ,  the  more  intense  will  he  the  result;  pour 
off  into  the  sink,  rinse,  and  flow  over  No.  2,  and  allow  to 
act  one  minute;  wash  off,  and  pour  over  or  immerse  in  No. 
3  until  changed  entirely  to  a  dark  brown  or  black.  No.  3 
can  be  returned  to  its  bottle,  but  Nos.  1  and  2  had  better  be 
thrown  away.  Wash  thoroughly  and  dry. 

REDUCTION. 

If,  in  cases  of  error  in  development,  the  negative  is 
too  intense,  the  high  lights  may  be  safely  reduced  by 
the  method  of  Mr.  Howard  Farmer,  viz. :  Ferricyanide  of 
potassium  t red  prussiate  of  potash)  1  ounce,  water  16 
ounces  ;  hyposulphite  oi  soda  1  ounce,  water  id  ounces. 
Immerse  the  negative  in  sufficient  hypo,  solution  to 
cover  it,  to  which  have  been  added  a  few  drops  to  each 
ounce  of  the  above  ferricyanide  solutu  u  ;  the  speed  of  re- 
duet  ion  depends  on  the  quantity  of  ferricyanide  present.  When 
sufficiently  reduced  wash  thoroughly.  To  reduce  locally, 
apply  the  mixed  solution  to  the  wet  negative  with  a  camel’s 
hair  brush  to  the  parts  requiring  reducing. 

WHY  ARK  STEREOSCOPIC  PRINTS  TRANSPOSED  ? 

This  problem,  although  very  simple,  is  somewhat  puzzling. 
The  stereoscopic  prints  are  transposed  to  bring  them  into  the 
position  the  object  occupies  when  seen  with  the  eyes.  The 
two  pictures  numbered  1  and  2  represent  the  view  as  seen 
with  the  two  eyes,  the  one  marked  “  L”  showing  the  view 
as  it  appears  to  the  left  eye  and  the  one  marked  “  R  ”  show¬ 
ing  the  view  as  it  appears  to  the  right  eye.  Each  tube  of  the 
stereoscopic  camera  inverts  its  own  view;  therefore,  when 
these  pictures  are  turned  a  half  revolution  in  their  own  planes, 
as  shown  in  the  second  engraving,  they  represent  the  image 
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kind  fur  viewing  t hr  pictures  dtmth,  itittemi  tlir  n%r  <4  .1 
lantern.  Several  instruments  »il  this  t  hai  a*Jn  tenr  Iw-rtt 
devised,  must  of  which  admit  of  the  u*r  «4  usili  «tic  rye, 
thus  making  the  examination  *#I  the  views  utcn>*mr  and  im 
satisfactory. 

Fig.  10H  shows  a  very  convenient  u^tumirut  fur  this 
purpose,  in  which  both  ryes  air  u*rd,  ^ntii^  an  effect 
which  is  almost  stereoscopic,  "Hie  instrument,  which  is 
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shown  in  section,  consists  oj  two  tin  tubes  sliding-  one 
within  the  other  telescopically,  and  mounted  adjustably  on 
a  standard.  The  lower  end  of  the  lube  is  provided  with 
two  grooved  guides  similar  to  those  used  in  the  lantern  for 
receiving  slides.  In  the  outer  guide  is  placed  a  piece  of 
hue  ground  glass,  and  the  slides  are  inserted  in  the  inner 
guide.  Below  the  ground  glass  is  hinged  a  reflector  for 
throwing  the  light  through  the  ground  glass  and  slide. 
To  the  upper  end  o(  the  telescopic  tube  is  fitted  a  wooden 
ring  in  whieh  is  placed  a  plano-convex  lens,  with  the  plane 
side  out.  It  is  of  sufficient  diameter  to  admit  of  the  use  of 
both  eyes  in  viewing  the  slide,  and  has  a  convenient,  focal 
length.  ( )ver  the  glass  is  placed  a  screen  of  black  paper, 
with  two  apertures  of  about  the  si/e  and  shape  oi  the  lenses 
of  an  eyeglass,  as  shown  at  2,  and  around  the  opening  in  which 
the  lens  is  placed  is  arranged  a  hood  lor  screening  off  ex¬ 
traneous  light.  The  diameter  ol  the  plano-convex  lens  is 454 
inches  and  its  local  length  is  15  laches;  the  telescopic  tube 
is  5  inches  in  diameter,  and  when  extended  lor  use  has  a 
length  of  m  to  1 2  inches. 

By  thus  placing  the  plane  side  of  the  lens  out,  and  ar¬ 
ranging  the  slide  within  the  focus  of  the  lens,  the  spherical 
aberration  is  almost  overcome,  and  both  eyes  are  enabled  to 
view  the  picture.  The  effect  is  very  satisfactory,  and,  as 
the  view  is  considerably  enlarged,  at  the  same  time  being 
seen  with  both  e\  es  at  short  range,  the  picture  appears 


comes  from  the  sky  or  some  plum  light  colored  surface,  but 
fui  lamp  or  gas  light  the  lamp  should  have  a  plain  porcelain 
or  ground  glass  globe,  or  a  piece  of  smooth  white  paper 
should  be  hud  over  the  mirror  to  furnish  light  of  tiie  charac¬ 
ter  required, 
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three  colors,  and  when  viewed  through  an  instrument  pro¬ 
vided  with  tvd,  given  and  violet  colored  screens,  and  fur¬ 
nished  with  means  fur  blending  the  three  images  into  one, 
all  the  colors  ol  the  subject  are  shown. 

The  simple  instrument  by  which  these  pictures  are  super¬ 
imposed  is  shown  in  Fig.  ickj,  and  the  arrangement  of  the  in¬ 
ternal  narts  is  shown  m  Fig.  no.  In  the  lower  part  of  this 
figure  is  seen  the  triple  transparency,  or  “  chromogram,”  as 
the  invethor  chooses  to  call  it.  Above  the  three  images  are 
arranged  three  colored  screens,  marked  R,  (V,  and  V.  The 
image  below  R  i ;  transparent  to  red,  but.  opaque  to  other 
enhu  s,  except  in  so  tar  as  it  enters  into  combination  with  the 
othei  culm  s  to  produce  intermediate  tints.  The  same  is  true 
ot  the  image  below  the  colored  screen,  Cl,  this  photographic 
image  bring  transparent  to  green  and  to  other  colors  only 
as  green  combines  with  other  colors  to  produce  intermediate 
shades.  The  same  also  applies  to  the  picture  under  the  violet 
screen,  it  being'  transparent  to  violet  anti  opaque  to  the  other 
colors. 

Alter  passing  the  colored  screams,  the  images  are  super¬ 
imposed  by  a  series  of  transparent  and  opaque  mirrors.  By 
billowing  the  line  of  the  light  beam  passing  through  the.  red 
color  screen,  it  will  be  seen  to  impinge  on  an  opaque  mirror 
near  the  top  of  the  instrument,  whence  it  is  reflected  to  the 
upper  surface  of  a  transparent  mirror,  thence  upward  through 
the  eyepiece.  The  light  passing  through  the  green  screen  is 
received  on  an  opaque  mirror  and  reflected  to  another  opaque 
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giving  every  color  and  every  possible  gradation  of  light  and 
shade  as  taithhdly  as  the  object  itself  would  do  under  the 
most  favorable  circumstances. 

The  inventor  states  that  the  chromogram  is  a  photograph 
made*  in  a  special  camera,  with  no  more  operations  than  art* 
required  to  make*  an  ordinary  photograph,  so  that  we  are  led 
to  believe*  that  before  very  long  amateurs  having  the  special 
camera  and  the  instrument  through  which  to  view  the  pic¬ 
tures  will  lu*  able  to  show  pictures  in  natural  colors  as  readily 
as  they  ran  now  show  stereoscopic  views. 

Mr.  Ives,  hv  means  of  different  apparatus,  has  project  eel 
photographs  in  e*olors  on  the  screen  where  they  could  be 
viewed  by  a  large  number  of  spectators. 

It  is  an  interesting  fact  that  a  triple  negative  placed  in 
the  instrument  in  place  of  the  positive  shows  colors  comple- 
inentarv  to  those  belonging  to  the  object. 

I  t.UWTnki At.  MAN!)  I- OR  SMALL  TKLKSC *01«KS. 

One  hour’s  use  ol  an  rquatnrially  mounted  telescope  will 
convince  the  amateur  telescopist  who  has  been  used  to  the 
altazimuth  stand  that  the  advantages  possessed  by  the  equa¬ 
torial  are  very  great .  The  ease  with  which  an  object  may 
be  followed,  ami  the  facility  with  which  a  star  can  be  found, 
when  the  mounting  is  provided  with  graduated  circles,  which 
may  even  Ik*  crude,  warrant  the  outlay  if  the  stand  be  pur¬ 
chased,  or  the  labor  and  expense,  if  the  amateur  should 
choose  to  make  the  stand  with  his  own  hands. 

The  writer,  adopting  the  latter  plan,  constructed  a  very 
satisfactory  equatorial  stand,  using  stopcocks  for  the  two 
axes,  as  shown  in  perspective  in  Fig.  1 1 1  and  in  detail  in  Figs. 
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disk,  which,  together  with  the  hr,i"  '.n  h  k,  . 
of  the  telescope  support,  to  the  ends  * •!  tl 
s .'cured  upright  end  plates,  B,  which  are 
their  upper  ends 
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washers,  which  bear  against  the  plates,  B,  and  clamp  them 
against  the  etuis  < *t  t he  stopenek,  which  is  faced  off  so  that  it 
is  ol  exactly  the  same  length  as  the  block,  A.  The  trunnions 
ioritt  the  axis  on  which  the  telescope  is  tilted  to  adjust  it  for 
latitude,  and  one  ol  the  angles  of  the  hexagon  cud  of  the 
stopcock  is  tiled  oil  even  with  the  rounded  upper  end  ol 
the  adjoining  plate,  B,  and  a  line  is  drawn  across  the  plate 
and  stopcock  when  the  polar  axis  of  the  telescope  is  parallel 
with  the  earth’s  axis,  so  that  readjustment  may  be  made 
without  trouble. 

The  plug,  I>,  ol  the  stopcock,  C\  has  a  projecting  end, 
having  one  flat  side,  to  which  is  fitted  the  usual  washer,  a. 
This  w asher  is  turned  down  to  receive  the  disk,  />,  which  is 
soldered  to  the  washer.  The  disk,  />,  is  faced  with  wash 
leather.  The  eml  of  the  plug*,  I),  which  is  threaded  to  re¬ 
ceive  the  tint,  when  the  stopcock  is  applied  to  its  intended 
use,  is  covered  with  a  piece  of  tubing  soldered  to  tin4  screw, 
;utd  turned  off  to  receive  the  worm  wheel,  K,  which  turns 
freely  thereon. 

fo  the  end  of  the  plug,  I),  is  fitted  a  cap,  F,  which  is  held 
in  place,  and  made  to  exert  more  or  less  pressure  on  the 
worm  wheel,  K,  by  the  thumbscrew,  <\  which  enters  the  end 
of  the  plug  and  bears  on  the  cap.  The  cap,  F,  is  perforated 
to  receive  two  studs  projecting  from  the  end  of  the  plug. 

( )n  the  smaller  end  of  the  stopcock  casing  is  soldered  a 
perforated  plate,  (»,  which  supports  the  bearings  for  the 
worm,  1 1.  rids  worm  engages  the  worm  wheel,  E,  and  its 
axis  is  prolonged  beyond  the  bearings,  to  receive  the  uni¬ 
versal  joint,#/,  of  the  rod,  l,  this  rod  being  of  sufficient  length 
to  be  easily  grasped  by  the  observer.  The  squared  end  of 
the  plug,  l),  which  is  intended  for  receiving  the  key  by 
which  t he  plug  is  turned,  is  in  this  case  turned  and  threaded 
to  fit  the  bushing,  t\  inserted  in  one  end  of  the  stopcock,  C'. 
The  other  etui  of  this  stopcock  is  cut  off,  and  the  opening 
thus  left  is  closed  by  means  of  solder.  The  plug,  I)',  of  this 
“opcock  is  unchanged  so  far  as  the  threaded  smaller  end 
and  washer  and  nut  are  concerned,  but  the  nut,/,  is  slotted 
in  diametrically  upfwjsite  corners  to  receive  wings  which  are 
soldered  therein.  The  square  end  ol  the  plug,  I)',  is  turned 
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pieces,  held  in  proper  relation  to  each  other  l»\  antis,  t,  sol 
dered  to  the  back  of  the  circle. 

Tliis  arrangement  allows  the  circle,  K  ,  to  swim;  lirrlv. 

The  hexagon  end  oi  the  stopcock.  C  ,  whirls  rn  rives  the 
bushing,  e,  is  turned  to  receive  the  ring,  /.can  ving  a  beveled 
index  piece,  X\  about  |  inch  wide.  A  line  drawn  down  the 
face  of  the  piece,  l\  serves  as  an  index.  In  a  similar  wav  a 
ring,/,  fitted  to  the  boss,/*',  serves  to  ear rv  an  index  lot  the 
circle,  K'. 

The  circles  here  shown  art*  electrotypes  made  from  a 
galvanometer  seale,  soldered  to  brass  plates  and  silvered, 
some  black  varnish  being  rubbed  into  the  ginduathms  to 
rentier  them  more  distinct. 

The  equatorial  mounting  is  secured  to  the  head  oi  the 
wooden  stand  by  the  rod,  r,  screwed  into  the  him  k.  A,  and 
provided  with  a  milled  nut  on  its  lower  end. 

In  Fig.  1 1 1  the  mounting'  is  shown  adjusted  lot  the  lati 
tude  of  New  York,  40'  41’.  The  screw. «.  and  mil,  /,  bring 
loosened,  and  the  polar  axis  being  parallel  with  the  rui  fit's 
axis,  the  telescope  is  pointed  to  a  star  or  other  object,  v\  hen 
the  nut,/,  is  tightened,  thus  clamping  the  tin  liuatiou  axis 
The  screw,  c,  is  also  tightened,  when  the  instrument  will  be 
made  to  follow  the  object  by  turning  the  screw ,  f  l. 

Although  the  slow  movement  is  of  great  utility,  it  may 
be  omitted  and  the  instrument  mav  be  guided  l»v  the  ham!. 
The  mounting  may  be  further  simplified  bv  omitting  the 
graduated  circles,  and  still  possess  great  advantages  over 
the  altazimuth  mounting. 

A  stand  formed  of  f  service  cocks  is  large  enough  in  ,1 
3-inch  telescope.  It  has  a  smooth  and  stead  >  motion  and 
does  not  vibrate.  There  is,  however,  no  objection  to  the 

use  of  larger  stopcocks. 

It  is  hardly  practicable  to  apply  a  driving  clock  to  a 
small  telescope,  mounted  upon  a  tripod.  Amateur*  have 
applied  mechanism  ot  different  kinds,  however,  l  hat  seeing  to 
answer  a  purpose,  but  none  of  these  appliances  would  seem 
suitable  for  really  ser  ious  work. 

One  of  the  simplest  devices  for  the  purpose  consists  of  a 
rubber  gas-bag  filled  with  air  and  furnished  with  a  weighted 
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hoard  connected  with  the*  telescope,  the  bag  being  pro¬ 
vided  with  a  valve  having  a  very  small  opening  lor  the 
eseape  ol  air.  The  escape  of  air  is  regulated  so  as  to 
eause  the  telesc'ope  to  tollow  the  object  and  keep  it  in  the 
held 

Another  plan,  said  to  be  effective,  is  that  of  using  quick¬ 
sand  in  a  cylinder  having  a  small  regulable  discharge  open¬ 
ing.  and  placing  on  the  sand  a  weighted  piston  which  is 
connected  with  the  telescope.  It  is  stated  that  the  How  of 
quicksand  can  be  so  regulated  as  to  keep  the  object  in  the 
held  iur  a  hall-hour  or  an  hour. 

The  hints  here  given  may  serve  as  suggestions.  The 
amateur  may  carry  out  the  work  in  different  ways.  The 
reader  is  referred  to  Gibson's  “Amateur  Tclescopist’s 
Handbook"  lor  simple  instructions  for  using  and  adjusting 
the  equatorially  mounted  telescope. 

stMfJK  I .  \ M ! *  SOCK Hf  AM)  KUi-U  >STAT. 

In  the  annexed  engravings,  Fig  1 14  represents  a  simple 
and  ellicieut  electric  lamp  socket,  de¬ 
signed  for  use  in  experimental  work  and 
iu  places  where  an  ornamental  socket  is 
not  required.  It  consists  simply  ol  a 
small  wooden  cylinder  in  which  is  in¬ 
serted  the  end  of  a  brass  wire,  the  pro¬ 
jecting  portion  of  which  is  bent  to  Jnrm 
a  helical  rod  which  lits  the  thread  ol 
the  base  of  an  Fdison  incandescent  lamp. 

In  the  womlen  cylinder  is  inserts  d  an¬ 
other  brass  wire  ol  the  same  size,  winch 
is  annealed,  [fattened,  and  bent  over  the 
end  of  the  bloek  as  shown,  to  form  the 
seeotid  connection  of  the  lamp. 

i  o  the  ends  ol  the  wires  projecting 
firhnv  the  wooden  cylinder  are  soldered 
the  ends  ol  the  flexible  cord  which  con¬ 
veys  the  cut  rent  to  the  lamp.  By 
screwing  the  lamp  down  in  the  socket, 
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the  button  at  the  bottom  is  brought  into  contact  with  the 
flattened  wire  and  the  circuit  is  completed.  By  unscrewing 
the  lamp,  the  circuit  is  broken. 

A  convenient  rheostat  for  experimental  purposes  is 
shown  in  Fig.  115.  A  number  of  coiled  wire  sockets  are  at¬ 
tached  to  a  board  and  connected  with  a  wire  leading  to  one 
of  the  binding  posts  at  the  end  of  the  board.  A  correspond¬ 
ing  number  of  flat  copper  strips  are  secured  to  the  board 
and  soldered  to  a  wire  leading  to  the  other  binding  post. 
Any  one  or  all  of  the  lamps  may  be  screwed  down  in  their 
sockets  so  as  to  throw  them  into  the  circuit.  Lamps  of  any 

Fig.  1 1 5. 


resistance  may  be  used,  so  that  the  rheostat  can  be  adapted 
to  the  current  to  be  controlled. 

With  one  lamp  in  the  circuit,  the  resistance  thrown  in 
will,  of  course,  be  that  of  the  lamp  ;  with  two  lamps  of  the 
same  resistance,  half  that  amount ;  with  three  lamps,  one- 
third,  and  so  on  ;  2.  *.,  each  lamp  thrown  in  in  parallel  will 
increase  the  conductivity  and  diminish  the  resistance  of  the 
rheostat. 

It  is  not  essential  that  all  of  the  lamps  should  be  of  the 
same  resistance.  When  lamps  of  different  resistances  are 
used,  their  joint  conductivity  is  ascertained  by  adding;  the’ 
reciprocals  of  their  resistances  together.  The  reciprocal  of 
this  equals  the  joint  resistance  in  ohms.  For  example, 
take  three  lamps  or  combinations  of  lamps  having  resist 
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uiurs  nt  50,  150,  and  2uo  ohms  respectively.  'The  recipro¬ 
cals  til  these  numbers  are  1-50,  1-150,  and  1-200,  the  sum  nl 
which  is  ichUio.  ‘The  reciprocal  of  this  is  bet)- 19  ;  joint  re¬ 
sistance  of  three  lamps  in  parallel  will  therefore  be  31*6  ohms* 
Where  resistance  greater  than  that  of  one  lamp  is  required, 
two  or  more  lamps  may  be  connected  in  series. 

HANb  KKKl >  Kl.KCTRtC  KAMI*  KoR  KANTKRNS. 

White  a  good  automatic  lamp  is  undoubtedly  preferable 
tii  a  hand  lump  for  uses  necessitating  the  absence  of  the 
operator  from  the  vicinity  of  the  lamp,  it  is  certain  that  an 
ordinary  hand  lamp  is  not  to  be  despised,  and  when  the  hand 
feed  is  supplemented  with  a  magnetic  device  for  st  riking  the 
arc,  the  difference  between  the  two  types  of  lamps  referred 
ti>  is  not  to  the  disadvantage  of  the  hand  lamp  when  the  lat¬ 
ter  is  used  in  a  lantern  or  for  some  other  purpose  which 
permits  the  operator  to  remain  near  the  lamp,  so  that  he 
iiiav  adjust  it  at  intervals  of  about  four  or  five  minutes. 

l*he  lamp  shown  in  the  illustration  has  been  used  for  an 
entire  evening  without  a  flicker.  The  upper,  or  positive, 
carbon  is  cored,  and  the  lower,  or  negative,  is  solid,  hard 
Carre  carbon. 

On  the  threaded  rod  extending  upward  from  the  base 
plate  is  placed  the  sleeve,  at  which  is  connected  with  the 
slide  holder  so  as  to  have  a  slight  inclination,  as  is  usual  in 
lamps  for  lanterns,  in  order  to  expose  more  of  the  face  of  the 
crater  of  the  upper  carbon.  The  slide  holder  contains  two 
slotted  slides ;  the  one  holding  the  upper  carbon  being  7! 
inches  long,  the  one  holding  the  lower  carbon  being  5 1  inches 
long,  each  being  if  inches  wide.  To  the  lower  end  of  the 
lower  slide  at  h  is  pivoted  an  arm  extending  outwardly  anti 
supporting  the  lower  carbon-holding  socket.  To  the  arm 
near  the  joint  thereof  is  secured  an  upwardly  extending  stud 
carrying  an  armature.  An  electromagnet  having  an  elon¬ 
gated  yoke  is  supported  in  front  of  the  armature  by  brass 
studs  attached  to  a  brass  cross-arm  fixed  to  the  lower  slide. 
A  curved  brass  spring  fastened  to  the  armature  bears  on  the 
poles  of  the  magnet  and  serves  the  double  purpose  of  throw¬ 
ing  the  armature  back  and  the  carbon  upwardly  when  the 
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atni  extending'  outwardly  and  supjmrting  an  inmiiatrd  car¬ 
bon-holding1  socket.  These  sockets  are  connected  with  their 
respective  arms  by  bolts,  which  are  surrounded  wit  It  soap* 
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stone  insulators  provided  with  llangcs  which  separate  the 
sockets  ami  the  arms.  The  heads  o[  the  bolts  arc  insulated 
bv  means  ot  mica  washers  l'he  holes  through  w hie U  the 
bolts  extend  are  made  oblong  to  permit  of  adjusting  the  car¬ 
bons  in  a  wav  to  secatre  the  best  results,  that  is,  by  arrang¬ 
ing  the  point  ot  the  lower  carbon  so  that  it  will  be  slightly 
in  l rout  ot  the  axial  line  ol  the  upper  carbon  when  the  lamp 
is  in  operation. 

In  the  slots  ol  the  carbon-holding  slides  arc  secured 
racks,  which  engage  pinions  on  the  spindle  journaled  in  the 
slide  holder  iNn.  2 1.  'Pin*  pinion  for  the  lower  carbon  slide, 
has  halt  as  many  teeth  as  there  are  in  the  pinion  for  the 
upper  slide,  so  that  when  the  spindle  is  turned  by  the  rub¬ 
ber  hand  wheel,  the  carbons  are  moved  in  proportion  to 
their  relative  consumption. 

To  an  insulating  strip  attached  to  the  back  of  the  slide 
holder  are  secured  two  binding  posts  for  receiving  the  wires 
connecting  the  lamp  with  the  current  supply.  One  binding 
post  is  connected  with  one  terminal  of  the  magnet,  and  the 
other  terminal  ol  the  magnet  is  connected  with  the  lower 
carbon  socket.  The  other  binding  post  is  connected  with 
the  upper  carbon  socket. 

The  magnet  is  wuuucj  with  coarse  wire  (No,  16 or  No.  14), 
and  the  armature  is  adjusted  to  pull  down  the  lower  carbon 
about  one-eighth  of  an  inch.  The  carbon-holding  sockets  are 
formed  of  square  brass  tubing,  with  a  screw  at  one  angle 
which  forces  the  carbon  toward  the  opposite  angle,  and  thus 
centers  and  aligns  the  carbons. 

The  Edison  direct  current  is  suited  to  this  lamp  when 
alnmt  fit  teen  ohms  resistance  is  introduced  in  series  with  the 
lamp.  A  suitable  range  of  current  is  eight  to  twelve  am¬ 
peres. 

A  rheostat  like  that  shown  on  page  509,  having  iron  wire 
coils  large  enough  to  carry  the  current,  say  No.  14,  will  be 

«.n  If  eomi mctness  is  desirable,  the  rheostat 
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right  length,  thus  saving  the  trouble  »*l  any  tine  adjustment 
by  hand,  and  avoiding  the  possibility  «»f  am  hmg  rtmtimi 
mice  of  a  heavy  current  on  tin*  circuit.  A  vm  digit!  turn 
ol  the  adjusting'  spindle,  oner  in  about  tour  minutes,  insures 
perfect  steadiness.  It  is  well  to  form  a  habit  of  thus  regu¬ 
lating  the  arc  after  each  change  of  slides.  I  he  illustrations 
are  approximately  one-third  si/e. 

UNSriKNTIFie  A.\t>  SftKNTlMC  t*!VtN!\n  !a*t»v 

Notwithstanding  the*  tendency  of  scientific  knowledge 
and  general  enlightenment  to  dissipate  superstition,  the  pm. 
portion  of  believers  in  certain  kinds  oS  demonstrations  ami 
bated  to  the  supernatural  is  beyond  belief ;  vet  when  n  e  tuul, 
on  investigating  the  subject,  that  many  coincident  rs  h.nr 
occurred  whieh  seem  to  establish  the  claims  of  the  advocates 
of  such  beliefs,  it  is  no  wonder  that  some  ol  these  notions 
gain  credence,  especially  in  view  of  the  fart  that  the  inajm  it  v 
of  unsuccessful  experiments  are  never  made  known. 

The  divining  rod— so  (‘ailed  -  is  a  vrrv  ancient  device,  but 
the  belief  in  its  efficiency  is  as  strong  to-day  as  it  ever  was, 
yet  there  is  no  scientific  reason  why  it  should  In*  ol  anv  use 
whatever  for  any  of  the  purposes  to  which  it  is  applied.  The 
ancient  divining  rod  consisted  of  a  forked  twig  ol  ha/rl,  apple, 
or  any  fruit-bearing  tree.  It  was  held  m  the  hands  with  the 
branches  both  lying  normally  in  the  same  hori/outal  plane, 
with  the  crotch  pointed  either  toward  or  away  from  the 
body  of  the  operator.  It  was  curried  in  this  position  over 
the  ground,  and  whenever  the  forked  twig  Unit  downwardly 
it  indicated  proximity  to  water,  minerals  or  metals.  The 
same  performance  is  gone  through  with  in  these  times,  and 
we  often  hear  of  remarkable  successes  attained  by  mntirrn 
operators.  These  successes  are  due  partly  to  the  good  judg 
ment  of  the  operator,  but  mostly  to  sheer  luck  or  chance. 
The  dipping  of  the  rod  is  not  due  to  the  action  of  the  water 
or  minerals,  but  to  the  voluntary  or  involuntary  movement 
of  the  muscles  of  the  hands  and  anus.  If  we  assume  that 
the  operator  is  honest,  we  must  admit  the  movements  to  tie 
involuntary.  In  using  the  rod,  the  hands  are  held  in  a 
strained,  unnatural  position,  which  render*,  it  vrrv  difficult 
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Di  hold  the  twig  lor  any  great  length  of  time  in  the  pre- 
MTibccl  position  without  causing  the  muscles  to  twitch  and 
thus  compel  the  branch  to  dip. 

I  lie  forked  twig  is  not  the  only  device  in  which  com 
tidenrr  has  been  misplaced.  Bamboo  rods  with  loclcstone 
in  one  end  and  mercury  in  the  other  are  expected  to  dip  for 
precious  metals  and  water.  A  pendulum,  formed  of  a  vial 
filled  with  the  kind  of  ore  looked  for  and  suspended  by  a 
string,  is  supposed  to  be  able  to  vibrate  in  a  line  leading  to 
the  ore  deposit,  provided  the  device  is  used  by  an  expert ; 
but  it  is  needless  to  say  these  are  as  worthless  as  the  forked 
f  wig. 

I  he  dipping  needle  is  used  for  the  discovery  of  iron  ore, 
but  gold  and  silver  produce  no  effect  on  it.  The  only  ap¬ 
paratus  likely  to  produce  results  of  any  value  in  searching 
foi  precious  or  non-magnetic  metals  is  some  form  of  elec¬ 
trical  induction  apparatus,  but  such  apparatus  must  neces- 
saiily  be  very  large  to  act  over  any  considerable  distance. 
Hughes'  induction  balance,  described  elsewhere  in  these 
pages,  has  been  modified  to  adapt  it  to  use  as  an  ore 
finder . 

As  very  little  has  been  said  about  this  apparatus,  it  is 
reasonable  to  suppose  it  failed  to  become  an  important 
factor  in  the  search  for  precious  metals;  however,  it  seems 
clear  that  any  one  having  the  secret  of  finding  hidden  treas¬ 
ure  in  the  shape  of  ore  or  coin  would  not  impart  the  secret 
readily  to  any  or  all  of  the  host  of  inquirers  desiring  an 
easy  method  of  acquiring  riches.  The  value  of  such  pro¬ 
cess  would  be  Ireyond  estimation,  as  it  could  be  used  not 
only  to  discover  riches  secreted  by  the  hand  of  man ;  it 
could  also  be  utilised  in  bringing  to  light  the  precious 
metals  hidden  by  Nature  in  the  earth.  It  might  also  be  of 
value  to  that  class  of  human  beings  who  seek  to  discover 
and  sui  reptitiously  draw  on  the  accumulations  of  others.  » 

Tltis  apparatus,  however,  while  it  indicates  the  presence 
o{  some  metal,  does  not  distinguish  between  metals,  except¬ 
ing  as  it  acts  more  powerfully  in  the  presence  of  magnetic 
ntefuK  iron  or  nickel  for  example,  than  it  does  when  it  is 
placed  in  proximity  to  non-magnetic  metals  such  as  gold, 


silver,  copper,  lead,  or  /inc.  tl  is  then-hue  m«t  iikrlv  to 
meet  the  expectations  ot  hunteis  lot  -“hi  *»t  mIvci. 

In  the  engraving,  Fig.  \  1 7,  is  show  it  an  mM!  ttmeaf  «h  \  sm-i! 
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by  the  writer,  in  which  a  cureless  induction  coil  of  prriili.it 
construction  is  used  in  connection  with  the  telephone  for  in¬ 
dicating  the  presence  of  metals.  The  induction  coil  consists. 

of  a  primary  coil,  preferably  of  rectangular  form,  made  ot 
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riiarst*  win1,  Nn.  iS,  and  connected  with  a  rapid  automatic 
circuit  breaker  and  battery.  The  secondary  coil  is  made  of 
tine  wite.  Nn.  y  >,  and  is  arranged  exactly  at.  right,  angles  to 
the  coarse  wire  coil.  A  telephone  is  connected  with  the 
secondary  coil.  It  the  primary  circuit:  is  continuously  and 
rapidly  interrupted  while  the  coil  is  not  in  the  vicinity  of 
any  metal  or  magnetic  material,  no  sound  will  be  heard  in 
the  telephone,  as  all  the  inductive  influences  arc  equal  and 
opposite ;  but  when  the  coil  is  held  in  proximity  to  a  body 
nl  metal  or  magnetic  ore,  this  equilibrium  is  disturbed  and 
the  sound  is  heard  in  the  telephone. 

The  distance  t (trough  which  (his  instrument  is  operative 
depends  upon  the  diameters  of  the  coils  and  the  strength  of 
the  cun eul  used  in  the  primary  coil.  The  larger  the  coil 
and  the  larger  the  current,  the  greater  will  he  the  inductive 
eilect,  As  the  induction  is  effective  for  only  a  few  inches  in 
an  ordinary  coil  of  (>  or  8  iuelies  in  length,  the  instrument  is 
useful  lor  minerals  lying  near  the  surface.  It  may  be  used 
to  advantage  on  the  sea  bottom,  along  cliffs,  in  wells  and 
borings,  and  upon  ground  abounding  in  metals  lying  near 
the  Mtrlaee,  by  simply  causing  it  to  pass  over  or  near  such 
surfaces.  When  it  is  to  he  used  under  water,  it.  must  of 
course  be  inclosed  in  a  watc^pmof  easing  of  non-metallic 
material.  This  instrument  is  an  induction  coil  pure  and 
simple. 
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Whatever  effect  patent  litigation  may  have  cm  the  busi¬ 
ness  side  of  an  invention,  it  certainly  is  beneficial  from  a 
scientific  point  of  view,  as  it.  brings  out  clearly  and  con¬ 
cisely  the  principles  involved  in  such  inventions.  A  case 
in  point  is  the  suit  of  the  Edison  Electric  Light  Company 
against  the  New  Haven  Electric  Company,  the  subject 
Udng  the  three-wtre  system  of  electrical  distribution. 

tlw*  of  flu*  ease.  we  extract  from 
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have  not  only  provided  \  cry  clear  ctci  it  n  ul  1  li.t,; i  .iiiih,  I »ut 
have  furnished  water  analogues  lot  c.u  h  ot  the  *  .im-s. 

fn  Fig.  t  i H  is  illustrated  the  series  system  tuiiiiiiuuh  mi 
ployed  in  electric  are  lighting,  F  being  the  engine  ;  ti.the 
dynamo  or  generator ;  /»  and  a  the  positive  and  negative 
conduetors ;  and  I1,  h,  1  1‘,  the  are  lamps.  In  this  <  ase.  as 

will  he  seen,  the  current  passes  front  the  hn.iatn  through 
all  the  lamps  in  the  series. 

In  Fig.  i  to  is  given  the  water  analogue,  in  whit  h  l*.  ts  the 
engine,  G  the  rotary  pump,  /  and  it  the  positive  and  nega¬ 
tive  pipes  conveying  the  water,  h,  I  ,  l 5,  I*.  natet  motors 
arranged  in  series  and  operated  one  alter  the  of  het  In  the 
water  passing  frotn  the  niotoi ,  1',  to  the  tuotoi,  1  .  I  i  the 
motor,  la,  thence  to  the  motor.  I4,  e.u  it  motor  using  its  pi o 
portion  of  the  energy. 

In  Fig.  120  is  represented  the  usual  multiple  an  m  par¬ 
allel  arrangement  of  incandescent  lamps,  K,  as  in  the  othei 
ease,  being  the  engine ;  (4,  the  geueratni  ;  /»  and  w,  positive 
and  negative  conductors;  and  I1,  I5,  Is,  I *,  lamps  taking  tie' 
current,  frotn  the  positive  conductor  ami  deli\ cling  it  with 
a  certain  fall  of  potential  to  the  negative  enudm  foi . 

In  Fig.  12 1  is  illustrated  the  water  analogue  «*!  tin*  multiple 
arc  system,  K  being  the  engine,  it  the  generator  or  pump. 
I1,  I’,  Is,  F,  water  motors  taking  water  from  the  positive 
pipe  and  delivering  it  to  the  negative  pipe,  with  a  fall 
of  potential  due  to  the  amount  of  energy  absorbed  m  the 
motors. 

In  Fig.  1 22  are  shown  two  like  multiple  art  s\  stems  placet! 
parallel  with  each  other,  with  the  positive  rundtu  to?  ul  one 
system  adjoining  the  negative  conductor  of  the  adjacent 
system,  the  arrows  indicating  the  direction  of  the  cm  tent 
in  each  system.  It  will  be  seen  that  if  the  same  amount  «4 
energy  is  absorbed  in  each  of  these  two  systems  the 
negative  conductor,  «\  of  the  upper  system  must  cat  i  y 
a  negative  current  exactly  equal  to  the  positive  run  nit 
carried  in  the  conductor,  /*,  of  the  lower  system,  and  tin 
currents  in  these  two  conductors,  being  equal  and  opposite, 
would  neutralize  each  other  if  carried  on  the  same  mudur 
tor,  as  indicated  in  Fig.  123.  in  which  the  negative  conductor, 
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and  positive  conductor,  />>,  arc  merged  in  one.  With 
tht*  generators.  G1  and  ('»*,  arranged  in  series,  the  electronic) 
tive  force  is  22u  volts,  which  is  soiled  lo  two  1 10  volt  lamps 
in  series.  So  long  as  equal  resistances  are  placed  in  the  two 
parts  of  the  three- wire  circuit,  the  central  wire  remains 
neutral,  and  no  current  passes  in  either  direction ;  but  as 
soon  as  this  balance  is  disturbed  by  turning  off  or  adding' 
one  or  more  lamps,  a  current  due  to  the  difference  in  resist¬ 
ance  oi  the  two  branches  passes  over  the  neutral  wire.  This 
system  is  aptly,  though  not  perfectly,  illustrated  by  the 
water  analogue  shown  in  log.  124. 

In  this  case,  two  generators  or  pumps,  G1,  G»,  circulate 
the  water  in  the  system,  the  upper  outside  pipe  represent¬ 
ing  the  positive  conductor,  the'  lower  pipe  representing  the 
negative  conductor,  and  the  central  pipe  (he  neutral  con- 
ductoi.  Upon  each  side  of  the  neutral  pipe,  and  com¬ 
municating  with  the  outside  pipes,  are  motors  corres¬ 
ponding  to  the  lamps  in  the  electric  circuit.  So  long  as 
the  quantity  of  water  consumed  by  the  motors  on  both  sides 
of  the  central  pipe  remains  the  same,  the  water  circulates 
1* v  passing  forward  through  the  upper  pipe,  through  the 
motors  and  transversely  through  Hie  neutral  pipe,  and  re¬ 
turning  by  the  lower  pipe ;  but  so  soon  as  the  equilibrium 
is  distmbrd  by  shutting  off  one  or  more  of  the  motors  on 
one  side  of  tin*  system,  the  water  which  would  have  been  re¬ 
quired  to  run  that  motor  must  return  to  the  pumps  through 
the  neutral  pipe,  or  be  forced  outward  through  the  neutral 
pipe,  according  as  the  positive  or  negative  current  is  shut  off. 

The  IG  list  in  company  holds  that  the  three*- wire  system 
effects  a  theoretical  saving  of  62 1  per  cent,  and  an  actual 
saving,  due  to  the  use  of  smaller  neutral  conductors  in 
the  feeding  portions  of  the  system,  of  at  least  75  per  cent,  in 
the  cost  of  conductors.  The  conductors  formerly  repre¬ 
sented  the  largest  item  in  the  cost  of  the  completed  plant. 

The  value  of  the  invention  is  shown  by  the  fact  that 
almost  immediately  after  the  introduction  of  the  three-wire 
system  the  electric  lighting  business  increased  enormously, 
and  electric  lighting  was  placed  on  a  basis  which  enabled  it 
to  compete  successfully  with  gas  at  the  lowest  price. 
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SOME  EFFECTS  OF  LARGE  CURRENTS. 

During  some  of  the  earlier  experiments  with  electricity 
as  a  motive  power  for  railways,  in  which  the  rails  were  em¬ 
ployed  as  conductors  of  the  current,  it  was  observed  that 
the  wheels  which  received  the  current  from  the  rails  had  an 
enormously  increased  traction  while  the  current  passed. 
This  was  at  first  attributed  to  the  direct  action  of  the  cur¬ 
rent,  then  to  molecular  change  caused  by  the  electrical 
heating  of  the  surfaces  in  contact;  but  the  phenomenon  has 
never  been  fully  explained. 

The  contact  between  the  wheel  and  the  rail  under  the 
conditions  of  actual  use  upon  railways  is  scarcely  more  than 


Fig.  125. 


Apparatus  for  Showing  Local  Expansion. 


a  short  line.  If  the  surfaces  were  perfect  as  well  as  infinite¬ 
ly  hard  and  rigid,  the  contact  would  be  simply  a  mathe¬ 
matical  line.  In  reality  the  surfaces  in  contact  are  very 
small,  so  that  any  current  meeting  the  resistance  of  such  a 
contact  must  produce  some  heat,  which  becomes  greater  as 
the  current  is  increased.  Experiments  show  that  a  current 
of  several  amperes,  having  a  pressure  of  one  volt  or  less,  is 
required  to  secure  good  results. 

Some  interesting  facts  in  regard  to  the  local  effects  of 
large  currents  may  be  demonstrated  by  means  of  the  simple 
apparatus  shown  in  Fig.  125,  in  which  a  long  pivoted  index 
carries  a  jaw  for  holding  a  metal  plate,  a ,  the  edge  of  which 
rests  at  right  angles  upon  the  edge  of  a  metal  plate,  b , 
held  by  the  fixed  jaw.  The  free  end  of  the  index  extends 
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partly  over  the  face  of  a  scale  secured  to  the  base  of  the 
instrument.  The  two  jaws  are  insulated  from  each  other 
and  connected  by  wires  with  a  secondary  battery  or  other 
source  of  electricity  capable  of  supplying  a  six  or  eight  am¬ 
pere  current  with  an  electro-motive  force  of  from  one  to 
two  volts.  When  this  current  passes  through  the  metal 
plates  held  by  the  jaws,  the  parts  in  contact  expand  instant¬ 
ly,  as  shown  by  the  upward  movement  of  the  index;  and 

Fig.  126. 


Rocker  for  Applied  Heat. 


when  ihe  current  ceases,  the  plates  immediately  contract, 
allowing  the  index  to  drop.  Although  the  distance  through 
which  the  index  moves  is  small,  it  is  measurable,  and  when 
the  minuteness  of  the  portion  of  the  metal  actually  ex¬ 
panded  is  considered,  it  is  seen  that  the  expansion  is  very 
great.  Different  metals  are  not  all  affected  in  the  same 
degree.  As  would  be  expected,  the  effect  of  the  same  cur¬ 
rent  on  good  conductors,  such  as  silver  and  copper,  is  less 
than  it  is  on  iron  and  German  silver. 

The  molecular  changes  effected  in  the  metals  are  analo- 
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g-ous  to  those  produced  in  the  lead  of  the  Trevelyan  rocker. 
In  this  instrument,  however,  the  expansion  takes  place  in 
one  only  of  the  pieces  of  metal  in  contact,  the  other  piece 
being'  contracted  by  the  withdrawal  of  the  heat  by  the  cold 
metal. 

The  form  of  Trevelyan  rocker  shown  in  Figs.  126 and  128 
has  been  designed  with  special  reference  to  the  comparison 
of  the  effects  of  heat  from  an  external  source,  and  heat  gener¬ 
ated  within  the  metal  by  the  passage  of  a  current  through  a 
point  of  resistance.  The  clamps  mounted  upon  the  upright 
metal  rods  are  arranged  for  holding  plates  of  different 
metals.  The  rocking  bar,  which  rests  upon  the  edges  of 
these  plates,  is  of  cylindrical  form.  In  the  side  of  the  bar, 

at  one  end,  is  formed  a  narrow 
groove  leaving  ridges  which  rest 
upon  the  edge  of  one  of  the  metal 
plates.  In  Fig.  126  the  dark  plate 
is  lead.  The  rocking  bar,  of  brass, 
is  provided  with  a  light  index  to 
show  the  vibrations.  When  this 
bar  is  heated  by  means  of  a  flame, 
and  placed  upon  the  edges  of  the 
metal  plates,  with  the  ridges  in 
contact  with  the  lead  plate,  it  rocks  violently,  and  if  the 
index  be  removed,  the  rocker  gives  forth  a  musical  note, 
which  continues  until  the  heat  of  the  bar  is  reduced  below 
the  operative  limit.  This  action  is  due  to  the  local  expan¬ 
sion  of  the  lead  by  contact  with  the  ridges  of  the  heated  bar 
and  the  subsequent  rapid  cooling  of  the  lead  on  the  separa¬ 
tion  of  the  surfaces.  These  operations  occur  with  great 
rapidity;  the  two  ridges  alternating  in  the  production  of 
the  effects. 

If,  after  cooling  the  heated  parts,  a  heavy  current  is 
passed  through  the  standards,  the  plates,  and  the  bar,  the 
same  vibratory  motion  is  at  once  set  up,  and  while,  in  the 
case  of  the  Trevelyan  rocker,  lead  seems  to  be  the  only 
metal  available  for  one  of  the  surfaces,  in  the  electrical 
rocker  the  results  are  the  same  in  kind,  although  different  in 
degree,  with  all  the  metals  and  alloys  tried  thus  far. 


Electrical  Rocket. 
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The  heat  generated  by  the  current  is  conducted  away  so 
rapidly  as  to  permit  of  continuous  operation. 

By  raising  the  pendulum  so  as  to  bring  the  convex 
side  of  the  rocking  bar  into  contact  with  the  cages 
of  the  plates,  and  drawing  the  bar  along  lengthwise  ot 
the  plates,  first  without  the  current  and  afterward  with 
the  current  flowing  through  the  apparatus,  a  great  increase 
in  friction  wid  be  noticed  as  the  current  passes,  the  in- 
creased  friction  being  due  to  the  jutting  out  by  expansion  ot 
points  upon  both  the  edges  of  the  plates  and  the  side  of  the 
rocking  bar. 

In  Fig.  1 27  is  shown  a  slightly  modified  form  of  rocker  in 
which  a  plate  with  a  graduated  series  of  notches  is  used  in 
connection  with  a  cylindrical  bar. 

In  the  case  of  the  rocker  with  the  attached  pendulum  the 
taps  of  the  rocker  upon  the  edge  of  the  plate  at  e  as  distinct 
and  regular  as  the  ticks  of  a  French  clock. 

LONG  DISTANCE  TELEPHONY*. 

The  difference  between  the  ordinary  anti  the  long  dis 
tanee  telephone  systems  lies  not  so  much  in  the  instruments 
used  for  transmitting  and  receiving  speech  as  in  the  lines. 
The  fundamental  thing  in  the  long  distance,  telephone  h 
a  metallic  circuit,  /,  r.»  a  line  in  which  the  current  returns 
through  a  wire  instead  of  the  ground.  Another  important 
difference  is  that  the  wire  used  In  the  construction  of  the 
line  is  of  very  high  conductivity.  By  the  employment  of 
the  metallic  circuit  the  effects  of  induction  am*  mi;  the 
induction  in  both  wires  being  equal  and  in  tip§»t»ite  direr* 
tions  in  the  receiving  instrument,  exactly  neutralize  each 
other.  Where  the  long  distance  line  is  in  ,t  cable  out* 
tabling  other  lines,  the  two  wires  are  usually  twisted,  to 
subject  them  both  to  exactly  the  hu me  inductive  influence. 

These  are  important  points,  and  it  is,  of  course,  ncce- 
sary  to  employ  an  efficient  transmitter.  The  one  com. 
in  only  used  on  long  distance  telephone  circuits  is  known 
as  the  “  1  lunning  transmitter;1  shown  in  section  in  Fig. 
129,  for  which  we  are  indebted  to  Prescott's  **  Electric 
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Telephone.*’  'Hie  diaphragm  cell  is  made  of  insulating- 
material,  and  arranged  to  clamp  a  diaphragm,  D,  of  thin 
platinum  foil  or  ferrotype  plate,  the  diaphragm  being 
held  in  place  in  the  ceil  by  a  ring,  A.  In  the  cell  is  ar¬ 
ranged  a  back  plate,  B,  of  brass,  the  space  intervening 
between  the  back  plate,  B,  and  the  diaphragm,  D,  being 
filled  with  a  body,  G,  of  loose,  finely  divided  conducting 
material,  preferably  finely  granulated  coke,  sifted  so  as  to  re¬ 
move  all  line  dust.  Oven-made  engine  coke  is  recommended 
for  this  purpose.  The  binding  screws,  C,  C,  are  placed  in 
connection  with  the  diaphragm,  l),  and  back  plate,  B. 
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The  very  rapid  advances  \v  Inch  have  1  *ceu  ui.it le  1 1 1  t  hi* 
art,  of  telegraphy  through  spare  e* *ut iuue  t * »  at  f  t  .u  f  unit  h 
attention  to  this  fascinating  subject.  Wh.it  staled 

yesterday  to  he  impossible  has  now  heroine  possible,  and 
w hat  we  regard  as  almost  insurmountable  dilltt  ultit  s  ma\ 
be  remoyecl  in  the  immediate  futme. 

It  is  my  desire  in  this  paper  to  give  a  deset iptinti  of 
progress  made,  with  special  reterenee  to  the  r  ‘'suits  oi>. 
tained  by  timing  or  syntonizing  the  installations.  ho 
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long  as  it  was  possible  to  work  only  two  mstallatiof}* 
within  what  I  may  call  their  sphere  of  influent  e,  *1  very 
important  limit  to  the  practical  utilization  of  the  system 
was  imposed.  With  simple  vertical  wires  as  shown  in 
Fig.  130  and  Fig.  131,  connected  directly  to  the  coherer  and 
spark  gap  at  the  receiver  and  transmitter,  as  used  t*v  my¬ 
self  before  1898,110  really  satisfactory  tuning  was  posable. 
It  was,  however,  possible  to  obtain  a  certain  srlri  turn  of 
signals  if  various  stations  In  the  vicinity  used  vertical  wires 
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<  1  i ift’iiii jlv  very  considerably  in  length.  Thus  two  stations 
communicating  nver  a  distance  of  .say  live  miles  and  using 
wires  loo  feet  lung,  would  not,  interfere  with  the  signals 
transmitted  by  the  other  two  stations,  say  two  miles  from 
the  first,  whieh  were  using  aerials  only  20  feet,  long  and 
communicating  over  a  distanee  of  about,  one  mile. 

The  new  methods  of  connecting  whieh  1  adopted  in 
-i.  e.  (see  Fig1.  13b),  connecting  the  receiving  aerial 
directly  to  earth  instead  of  to  the  coherer,  and  by  the  intro¬ 
duction  of  a  proper  form  of  oscillation  transformer  in  con¬ 
junction  with  a  condenser,  so  as  to  form  a  resonator  tuned 
to  respond  best  to  waves  given  out  by  a  given  length  of 
aerial  wire— were  important  steps  in  the  right  direction. 

1  realized  a  long  time  ago  that  one  great,  difficulty  in 
achieving  the  desired  effect,  was  caused  by  the  action  of  the 
transmitting  wire.  A  simple  straight  rod  in  which  electrical 
oscillations  are  set  up  forms,  as  is  well  known,  a  very  good 
radiator  of  electrical  waves.  If  this  was  in  the  beginning  an 
advantage,  by  allowing  signals  to  be  received  with  a  small 
amount  of  energy  over  considerable  distances,  it  proved 
later  to  be  one  of  the  chief  obstacles  in  the  way  of  obtaining 
good  resonance  in  the  receiver.  Now,  as  I)r.  Fleming  points 
out  so  clearly  in  his  Cantor  lectures  on  “  Electrical  Oscilla¬ 
tions  and  Electric  Waves,”  delivered  before  this  society  in 
November  and  December  of  last  year,  there  is  in  connec¬ 
tion  with  this  part  of  the  subject  one  point  of  great  interest. 
"  Both  theoretical  and  experimental  research  show  that  in 
the  ease  of  conductors  of  a  certain  form  the  electric  oscilla¬ 
tions  die  away  with  great  rapidity,”  In  all  what  we  call 
good  radiators,  electrical  oscillations  set  up  by  the  ordinary 
spark  discharge  method  cease,  or  are  damped  out  very 
rapidly,  not  necessarily  by  resistance,  but  by  electrical 
radiation  removing  the  energy  in  the  form  of  electric 
waves. 

Many  mechanical  analogies  can  be  quoted  which  will 
point  out  the  necessity  of  designing  a  persistent  oscillator. 
In  order  that  svntony  may  become  apparent  in  properly 
tuned  resonators.  Acoustics  furnish  us  with  numerous 
examples  of  this  fact,  such  as  the  resonance  effects  pro- 
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duced  by  the  well-known  tuning-iork  experiment.  id  her 
illustrations  of  this  principle  may  hi*  gi\en,  e.  14.,  it  ue  lu\  e 
to  set  in  motion  a  heavy  pendulum  by  means  ot  small 
thrusts  or  impulses,  these  must  be  timed  to  the  pm  iod  ot 
oscillation  of  the  pendulum,  since  otherwise  its  oscillations 
will  not  acquire  any  perceptible  amplitude.  An  illustration 
of  this  fact  occurred  to  me  some  time  ago  while  I  was 
watching  the  ringing  of  great  bells  in  an  Italian  cathedral. 
As  most  of  you  probably  know,  the  bells  in  many  ehui  ehes 
in  Italy,  as  elsewhere,  are  rung  from  the  bottom  <4  the 
tower  by  means  of  ropes  attached  to  the  bells.  1  he  largest 
bells  weigh  several  tons,  and  it  usually  requires  two  men  to 
work  for  perhaps  two  minutes  cm  the  ropes  behue  the* 
combined  e fleet  of  their  pulls  is  sullirient  to  get  the*  bell 
to  attain  an  amplitude  large  enough  to  cause  the  hammers 
to  strike.  I  observed  on  the  occasion  to  which  1  allude 
that  it  required  for  each  b<Ml  a  number  of  well  timed  pulls 
on  the  ropes  in  order  to  get  them  to  swing,  the  larger  bells 
requiring  impulses  further  apart  i.  e,,of  a  lower  ft  rquem  y 
—  than  the  smaller  ones.  It  is  perfectly  obvious  that  if  tin* 
pulls  on  the  ropes  had  been  wrongly  tinted  it  would  have 
been  impossible,  with  the  same  amount  of  power,  to  sing 
the  bells.  The  same  kind  of  effect  happens  in  a  very  small 
fraction  of  a  second  (instead  of  several  minutest  when  wr 
try  to  induce  electrical  oscillations  in  a  good  resonator.  If 
the  form  of  this  resonator  he  such  as  to  cause  it  to  be  a 
persistent  vibrator— i.  e„  one  in  which  the  electrical  oscilla¬ 
tions  are  not  rapidly  damped  by  resistance  or  radiation  of 
waves — then  it  is  necessary  for  us  to  employ  a  ntmtlier  of 
properly  timed  electrical  oscillations  radiated  from  a  per. 
sistent  oscillator  tuned  to  the  period  of  the  resonator  we 
desire  to  affect.  (Figs.  138  and  139,) 

As  I  pointed  out  before,  a  transmitter  consisting  of  a 
vertical  conductor  as  shown  in  Fig,  130  is  not  a  vrrv  per¬ 
sistent  oscillator.  Its  electrical  capacity  is  comparatively 
so  small  and  its  capability  of  radiating  waves  so  great,  that 
the  oscillations  which  take  place  in  it  must  be  considerably 
damped.  In  this  case  receivers  or  resonators  of  a  consider¬ 
ably  different  period  or  pitch  will  respond  and  Ik*  affected 
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by  il.  From  t he*  results  obtained  it.  would  seem  as  if  the 
transmitter  were  sending  out,  a  great  variety  of  electric 
waves,  resembling  therefore  a  source  of  white  light,  and 
that  each  resonator  {ticks  out  and  responds  to  its  own  parti¬ 
cular  wave  length. 

'Phis  view,  however,  is  incorrect ;  the  fact  that,  given 
certain  conditions,  various  resonators  will  respond,  even  if 
their  period  be  different  from  the  natural  period  of  oscilla¬ 
tion  of  a  transmitter,  is  to  he  accounted  for  by  the  con¬ 
sideration  that  all  the  energy  of  the  transmitter  is  radiated 
in  only  one  or  two  swings,  with  the  result  that,  oscillations 
may  be*  induced  in  resonators  of  different,  periods,  while,  if 
the  same  amount  of  energy  he  distributed  in  a  great  num¬ 
ber  of  individual  feeble  impulses,  their  combined  effect  can 
only  be  utilized  or  detected  by  a  resonator  tuned  so  as  to 
respond  to  their  particular  frequency.  The  tuned  resonator 
will  not  then  respond  to  the  first  two  or  three  oscillations, 
but  only  to  a  longer  succession  of  properly  timed  impulses, 
so  that  only  after  an  accumulation  of  several  swings  the 
F.M.F.  becomes  sufficient  to  break  down  the  insulation  of 
the  coherer  and  cause  a  signal  to  be  recorded. 

Notwithstanding  the  disadvantages  for  obtaining  elec¬ 
trical  tuning,  attributed  to  the  form  of  transmitter  shown 
in  Fig.  1 50,  selection  of  messages  is  possible  when  using,  say, 
two  or  three  transmitters  having  wires  of  considerably  dif¬ 
ferent  lengths,  and  the  induction  coil  or  oscillation  trans¬ 
formers  on  the  receivers  wound  with  varying  lengths  of 
wire  in  their  secondary  circuits,  in  order  to  cause  them  to 
be  in  tune  or  resonance  with  the  length  of  wave  of  the 
transmitted  oscillations,  as  pointed  out  in  my  British  patent, 
dated  June  1,  1898.  This  reads:  “It  is  desirable  that  the 
induction  coil  should  be  in  tune  or  syntony  with  the  elec- 
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at  Poole,  a  ship  with  transmitting  wire  nt  27  meters.  It  is 
therefore  obvious  that  the  wave  length  of  the  electric  osi  ii 
latious  radiated  from  St.  Catherine’s  difleicd  considei ahl\ 
from  that  radiated  from  the  ship.  Now,  it  at  the  rrerhing 
station  at  Poole  we  connected  to  a  vertical  win*  two  reeriv 
ers,  one  having  an  induction  coil  witli  second. u  \  in  tune 
with  the  length  of  wave  emitted  by  St.  Cather iue’s  and  the 
other  with  that  emitted  by  the  27  meter  feet!  wire  on  the 
ship,  if  St  Catherine’s  and  the  ship  transmit  simultaneously 
two  cli  fie  rent,  messages,  these  will  he  picked  up  at  P*  *«»ie, 
and  each  message  will  be  reproduced  distinctly  on  its 
receiver. 

I  pointed  out  in  a  patent  specification  tinted  December 
19,  1899,  that  the  best  results  are  obtained  when  the 
length  of  wire  of  the  secondary  of  the  induction  coils  is 
equal  to  the  length  of  the  vertical  wire  used  at  the  trans¬ 
mitting  station;  therefore  the  length  of  the  srcomiat y 
of  the  receiving  induction  coils  was  made  equal  to  that 
of  the  transmitting  wire. 

These  results,  although  in  a  way  satisfactory,  did  not 
appear  to  my  mind  a  complete  solution  of  the  problem.  I 
found  it  impossible  to  obtain  the  two  messages  at  the  tcreiv- 
ing  station,  if  the  two  transmitting  stations  were  placed  at 
equal  distances  from  it.  The  following  considerations  may 
perhaps  explain  this  failure.  If  the  27. meter  transmit* 
ting  wire  was  placed  at  the  same  distance  from  Poole 
as  the  45-meter  one— i.  e.,  31  miles— the  waves  emitted 
by  the  27-meter  wire  would  be  too  weak  when  they 
reach  Poole  to  affect  the  receiver.  On  the  other  hand,  it 
the  45-meter  transmitter  was  placed  at  to  utiles  from  the 
receiver,  then  the  waves  radiated  by  it  would  be  so  strong 
as  to  affect  the  receiver  tuned  to  respond  to  the  274neter 
transmitter,  and  blur  the  signals. 

It  thus  became  apparent  that  some  different  form  of  less 
damped  radiator  was  necessary,  in  order  to  obtain  more 
practical  and  more  useful  results, 

I  carried  out  a  great  number  of  experiments  by  adding 
to  the  radiating  and  receiving  wires  inductance  coil,  tut  a 
orinciple  similar  to  that  sutnrested  hv  Lodtrc  in  hi*  i&iR 
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patent,  but  without  obtaining  any  satisfactory  results.  The 
lailure  was  probably  due  to  the  fact  that  the  electrical 
capacity  ol  the  exposed  conductors  became  too  small 
in  proportion  to  their  inductance.  I  then  tried  various 
methods  for  increasing  the  capacity  of  the  radiating 
system,  'Hie  first,  and  obvious  mode  of  effecting  this  is 
by  an  augmentation  in  the  size  of  the  exposed  conductor, 
but  this  method  is  not  entirely  satisfactory,  in  consequence 
of  the  eireumstanee  that  an  increased  surface  means 
increased  facility  for  radiating  the  energy  during  the  first 
oscillations,  and  also  because  large  plates  or  large  exposed 
areas  are  impracticable  on  board  ship,  and  arc  always  diffi¬ 
cult  to  suspend  and  maintain  in  good  position  during  windy 
weather.  The  way  out  of  the  difficulty  was  discovered  by 
adopting  the  arrangement,  shown  in  Fig;  132.  Here  we  have 
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the  French  Commission  which  was  present  at  the  tests  car¬ 
ried  out  across  the  English  Channel  in  1899,  in  a  paper  on 
wireless  telegraphy.  See  paper  “  Etat  Actuel  et  Pi  ogi  ds 
de  la  Telegraphie  sans  Fil,”  read  before  the  Congrds  Intei- 
national  d’ Electricity,  Paris,  1900. 

Satisfactory  results  were  obtained,  and  I  was  encouraged 
to  continue  my  researches  in  order  to  improve  the  system. 

Early  in  1900  I  obtained  very  good  results  with  the 
arrangement  shown  in  Fig.  133*  This  arrangement  is  fully 
described  in  a  British  patent  application  applied  for  by 
myself  on  March  21,  1900.  In  it  the  radiating  and 
resonating  conductors  take  the  form  of  a  cylinder,  the 
earthed  conductor  being  placed  inside.  This  form  of 
radiating  and  receiving  areas  is  much  more  efficient  than 
the  one  I  have  previously  described.  One  necessary  con¬ 
dition  of  this  system  is  that  the  inductance  of  the  two  con¬ 
ductors  should  be  unequal,  it  being  preferable  that  the  large 
inductance  should  be  joined  to  the  non-earthecl  conductor. 
I  presume  that  in  order  to  radiate  the  necessary  amount  of 
energy  it  is  essential  that  there  should  be  a  difference  in 
phase  of  the  oscillations  in  the  two  conductors,  as  otherwise 
their  mutual  effect  would  be  to  neutralize  that  of  each  other. 
In  the  first  experiment  mentioned  by  Capt.  Ferrie,  this  was 
obtained  by  simply  using  an  earthed  conductor  shorter 
than  the  radiating  or  resonating  one.  When  I  used  an 
inductance  betweerr  the  spark  gap  or  oscillation  producer 
arid  the  radiating  conductor,  I  found  it  possible  to  cause 
the  electrical  period  of  oscillation  of  the  receiving  cylinder 
to  correspond  to  that  of  one  out  of  several  transmitting  sta¬ 
tions,  from  which  one  alone  it  would  receive  signals.  The 
results  obtained  by  this  system  have  been  remarkable.  By 
using  cylinders  of  zinc  only  7  meters  high  and  1.5  meters  in 
diameter,  good  signals  could  easily  be  obtained  between 
St.  Catherine’s,  Isle  of  Wight,  and  Poole  (distance  31  miles), 
these  signals  not  being  interfered  with  or  read  by  other 
wireless  telegraph  installations  worked  by  my  assistants  or 
by  the  Admiralty  in  the  immediate  vicinity.  The  closely 
adjacent  plates  and  large  capacity  of  the  receiver  cause  it 
to  be  a  resonator  possessing  a  very  decided  period  of  its 
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own— i,  c„  it  becomes  no  longer  apt  to  respond  to  frequen¬ 
cies  which  differ  from  its  own  particular  period  of  electri¬ 
cal  oscillation,  nor  to  be  interfered  with  by  stray  ether 
waves  which  art'  sometimes  probably  caused  by  atmospheric 
disturbances,  and  which  occasionally  prove  troublesome 
during  the  summer. 

It  seemed  very  remarkable  to  me  during  my  first  test 
that  an  arrangement  similar  to  that  shown  in  Fig.  1 33  should 
prove  to  be  a  good  radiator,  and  should  enable  such  a  con¬ 
siderable  distance  to  be  achieved  with  cylinders  of  so 
moderate  a  height.  It  is  probable  that  the  great  majority  of 


number  leave  the  outer  part  of  the  external  cylinder,  exactly 
as  in  the  case  of  an  ordinary  radiator. 

The  receiver  is  not  shown  in  the  sketch,  hut  consists  of 
similar  cylinders  to  those  used  for  transmitting  the  receiv¬ 
ing  induction  coil  or  oscillation  transformer,  being  placed 
where  the  spark  gap  is  shown  in  Fig.  133. 

The  capacity  of  the  radiator  due  to  the  internal  con¬ 
ductor  is,  however,  comparatively  so  large  that  the  energy 
set  in  motion  by  the  spark  discharge  cannot  all  radiate  in 
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one  or  two  oscillations,  but  forms  a  train  of  slowly  damped 
oscillations,  which  is  just  what  is  required.  A  simple  verti¬ 
cal  wire,  as  shown  in  Fig.  130,  may  be  compared  with  a  hol¬ 
low  sphere  of  tin  metal,  which,  when  heated,  would  cool 
very  rapidly,  and  the  concentric  cylinder  system  with  a 
solid  metal  sphere,  which  would  take  a  longer  time  to  cool. 

Mr.  W.  G.  Brown  suggested,  in  a  patent  specification 
dated  July  13,  1899,  the  use  of  two  conductors  of  equal 
length  joined  to  each  side  of  the  spark  gap,  but  he  did 
not  describe  the  inductance  in  series  between  them  and 
the  spark  gap,  which,  according  to  my  experience,  is-  abso¬ 
lutely  necessary  for  long  distance  work. 

Another  very  successful  syntonized  transmitter  and 
receiver  system  was  the  outcome  of  a  series  of  experi¬ 
ments  carried  out  with  the  discharge  of  Leyden  jar  circuits. 
Taking  for  granted  that  the  chief  difficulty  with  the  old 
system,  as  shown  in  Fig.  130,  lies  in  the  fact,  as  already 
stated,  that  the  oscillations  are  very  dead  beat,  I  tried  by 
means  of  associating  with  the  radiator  wire  a  condenser 
circuit,  which  was  known  to  be  a  persistent  oscillator,  to 
set  up  a  series  of  persistent  oscillations  in  the  transmitting 
vertical  wire. 

An  arrangement,  as  shown  in  Fig.  135,  which  consists  of 
a  circuit  containing  a  condenser  and  spark  gap,  constitutes 
a  very  persistent  oscillator.  Prof.  Lodge  has  shown  us 
how,  by  placing  it  near  another  similar  circuit,  it  is  possible 
to  demonstrate  interesting  effects  of  resonance  by  the 
experiment  usually  referred  to  as  that  of  Lodge’s  syntonic 
jars. 

But,  as  Lodge  points  out,  “  a  closed  circuit  such  as  this 
is  a  feeble  radiator  and  a  feeble  absorber,  so  that  it  is 
not  adapted  for  action  at  any  distance.”  I  very  much  doubt 
if  it  would  be  possible  to  affect  an  ordinary  receiver  at  even 
a  few  hundred  yards.  It  is  very  interesting  to  notice  how 
easy  it  is  to  cause  the  energy  contained  in  the  circuits  of 
this  arrangement  to  radiate  into  space. 

It  is  sufficient  to  place  near  one  of  its  sides  a  straight 
metal  rod  or  good  electrical  radiator;  the  only  other  condi¬ 
tion  necessary  for  long  distance  transmission  is  that  the 
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period  of  oscillation  of  the  wire  or  rod  should  be  equal  to 
that  of  the  nearly  closed  circuit. 

Stronger  effects  of  radiation  arc  obtained  if  the  radiating 
conductor  is  partly  bent  around  the  circuit  including-  the 
condenser  (so  as  to  resemble  the  circuits  of  a  transformer). 

1  first  constructed  an  arrangement,  as  shown  in  Fig.  141, 
which  consists  of  a  Leyden  jar  or  condenser  circuit  in 
which  is  included  the  primary  of  what  may  be  called  a 
Tesla  coil,  the  secondary  of  which  is  connected  to  the  earth 
or  aerial  conductor.  The  idea  of  using  a  Tesla  coil  to  pro¬ 
duce  the  oscillations  is  not  new.  1 1  was  t ried  by  the  Post. 

( Hi  ice  otficials  when  experimenting  with  my  system  in 
tSoS,  and  also  suggested  in  a  patent  specification  by  Dr. 
Lodge,  dated  May  to,  1807,  and  by  Prof.  Braun,  in  the 
specification  of  a  patent  dated  January  cb,  1 899.  My 
idea  was  to  associate  with  this  compound  radiator  a 
1  rceivrt  tuned  to  the  frequency  of  the  oscillations  set 
up  in  the  vertical  wire  by  the  condenser  circuit.  My 
lust  trials  were  not  successful,  in  consequence  of  the 
fact  that  l  had  not  recognized  the  necessity  of  attempting 
to  tune  to  the  same  period  of  oscillation  (or  octaves)  the 
two  electrical  circuits  of  the  transmitting  arrangement 
it  best*  circuits  being  the  circuit,  consisting  of  the  condenser 
and  primary  of  the  Tesla  coil  or  transformer,  and  the  aerial 
conductor  and  secondary  of  the  transformer). 

Unless  the  condition  is  fulfdled,  the  different  periods  of 
the  two  conductors  create  oscillations  of  a  different  fre¬ 
quency  and  f)hase  in  each  circuit,  with  the  result,  that  the 
effects  obtained  are  feeble  anti  unsatisfactory  on  a  tuned 
receiver.  The  syntonized  transmitter  is  shown  in  Fig.  134. 
'Hie  period  of  oscillation  of  the  vertical  conductor,  A,  can  be 
increased  by  introducing  turns,  or  decreased  by  diminishing 
their  number,  or  hv  introducing  a  condenser  in  the  series 
with  it.  The  condenser,  t\  in  the  primary  circuit  is  con¬ 
structed  in  such  a  manner  as  to  render  it  possible  to  vary  its 
ricnl  enoaeitv.  The  receiving  station  urramrements  are 
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circuit  j*  of  which  is  joined  to  the  coherer  or  detector.  In 
order  to  make  the  tuning  more  marked,  I  place  an  adjustable 
condenser  across  the  coherer  in  Fig.  136.  Now,  in  order  to 
obtain  the  best  results,  it  is  necessary  that  the  free  period  of 
electrical  oscillations  of  the  vertical  wire  primary  of  trans¬ 
former  and  earth  connection  should  be  in  electrical  reson¬ 
ance  with  the  second  circuit  of  the  transformer,  which  in¬ 
cludes  the  condenser. 

I  stated  that  in  order  to  make  the  tuning  more  marked  I 
placed  a  condenser  across  the  coherer.  This  condenser 
increases  the  capacity  of  the  secondary  resonating  circuit 
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of  the  transformer,  and  in  the  case  of  a  large  series  of  com¬ 
paratively  feeble,  but  properly  timed,  electrical  oscillations 
being  received,  the  effect  of  the  same  is  summed  up  until  the 
E.M.F.  at  the  terminals  of  the  coherer  is  sufficient  to  break 
down  its  insulation  and  cause  a  signal  to  be  recorded. 

In  order  that  the  two  systems,  transmitter  and  receiver, 
should  be  in  tune,  it  is  necessary  (if  we  assume  the  resistance 
to  be.  very  small  or  negligible)  that  the  product  of  the 
capacity  and  inductance  in  all  four  circuits  should  be  equal 
A  more  complete  and  detailed  description  of  this  system  is 
given  in  a  British  patent  granted  to  me,  dated  April  26,  1900. 
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1  have  recently  found  that  Prof.  Braun  has  recognized  the 
necessity  ut  tuning  the  circuits  of  the  transmitter  and  receiver 
u  hen  using  a  Tesla  mil  in  order  to  obtain  syntonic  effects, 
but  l  am  not  aware  that  such  a  proposal  was  published  prior 
to  the  tlt'M  i  iptiou  given  in  the  above-mentioned  patent. 

Although  little  dilfirult  v  has  been  encountered  in  measur¬ 
ing  the  capacity  used  in  the  various  circuits,  the  measure¬ 
ment  or  calculation  of  the  value  of  the  induclance  is  not  so 
easv,  I  have  funnel  it  impracticable,  by  any  of  the  methods 
with  which  l  am  acquainted,  directly  to  measure  the  induct¬ 
ance  of,  say,  two  or  three  small  turns  of  wire.  As  for  calcu- 
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luting  the  inductance  of  the  secondary  of  small  transformers, 
the  mutual  effect  of  the  vicinity  of  the  other  circuits  and  the 
rlfcrtH  due  to  mutual  induction  greatly  complicate  the 

problem. 

Experiments  have  confirmed  the  fact  that  the  receiving 
induction  coils  having  the  secondary  wound  in  one  layer  and 
at  a  certain  distance,  say,  two  millimeters  (to  cause  the 
capacity  to  be  so  small  as  to  he  negligible),  have  a  time 
period  approximately  equal  to  that  of  a  vertical  conductor 
( if  equal  length  (see  patent  granted  to  G.  Marconi,  dated 
December  t<),  i Hyp). 
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If,  therefore,  we  are  using  an  induction  coil  having  a 
secondary  40  meters  long  on  the  receiver,  I  should  use  a  ver¬ 
tical  wire  40  meters  long  at  both  transmitting  and  1  eceiving 
stations.  By  so  doing  I  have  the  two  circuits  at  the  receiv¬ 
ing  station  in  tune  with  each  other,  and  I  only  have  to 
adjust  the  capacity  of  the  condenser  at  the  transmitter, 
which  can  easily  be  done,  either  by  means  of  a  condenser 
having  movable  plates  that  can  be  slid,  more  or  less,  over 
each  other,  or  by  adding  or  removing  Leyden  jars. 

If  we  start  with  a  very  small  capacity  which  we  gradu¬ 
ally  increase,  a  value  of  the  capacity  will  be  reached 
which  will  cause  signals  to  be  recorded  on  the  receiver. 
Supposing  the  receiving  system  to  be  within  the  sphere  of 
action  of  the  transmitter,  then  the  signals  will  be  strongest 
when  the  capacity  of  the  condenser  is  of  a  certain  value.  If 
we  still  increase  the  capacity,  the  signals  will  gradually  die 
away,  while  if  we  go  on  increasing  the  capacity,  and  at  the 
same  time  add  inductance  to  the  aerial,  to  keep  it  in  tune 
with  the  condenser  jar  circuit,  we  are  still  radiating  waves, 
but  these  do  not  affect  the  receiver.  If,  however,  at  the 
receiving  station,  we  add  inductance  or  capacity  to  the  wire, 
A,  Fig.  136,  and  also  to  the  ends  of  the  secondary  j  2,  we 
find  ourselves  able  to  receive  messages  from  the  transmitter, 
although  we  are  utilizing  waves  of  a  different  frequency. 

It  is  easy  to  understand  that  if  we  have  several  receiving 
stations,  each  tuned  to  a  different  period  of  electrical  vibra¬ 
tion,  and  of  which  the  corresponding  inductance  and  capa¬ 
city  at  the  transmitting  station  are  known,  it  will  not  be 
difficult  to  transmit  to  any  one  of  them,  without  danger  of 
the  message  being  picked  up  by  the  other  stations  for  which 
it  is  not  intended.  But,  better  than  this,  we  can  connect  to 
the  same  vertical  sending  wire,  through  connections  of  dif¬ 
ferent  inductance,  several  differently  tuned  transmitters,  and 
to  the  receiving  vertical  wire  a  number  of  corresponding 
receivers.  Different  messages  can  be  sent  by  each  trans¬ 
mitter  connected  to  the  same  radiating  wire  simultaneously, 
and  received  equally  simultaneously  by  the  vertical  wire 
connection  to  differently  tuned  receivers.  A  further  im¬ 
provement  has  been  obtained  by  the  combination  of  the 
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two  systems.  In  this  rase  the  cylinders  are  connected  to 
the  secondary  d  of  the  transmitting  transformer,  and  the  re¬ 
ceiver  to  a  properly  tuned  induction  coil,  and  all  circuits 
must  he  tuned  to  the  same  period  as  already  described. 
•(See  Fig.  H3-)  ' 

The  tuning  of  the  receiver  to  respond  to  the  period  of  the 
transmitter,  as  used  in  the  old  form  of  transmitter  shown  in 
Fig.  1 30,  or  in  the  new  one  shown  in  Fig.  134,  has  enabled 
results  to  be  obtained  over  considerable  distances  with 
moderate  heights. 

Signaling  has  been  successfully  carried  out  over  a  dis- 
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tance  of  5 u  kilometers  with  a  cylinder  only  1.25  meters  high, 
40  inches  in  diameter. 

Tins  lias  led  to  the  possibility  of  constructing  portable 
apparatus  for  army  purposes,  which  should  he  of  great  ser¬ 
vice  in  the  field.  I  have  succeeded  in  constructing  a  coni- 
plete  installation  on  a  steam  motor  car,  On  the  roof  of  the 
car  there  is  placed  a  cylinder  which  cam  he  lowered  when 
traveling,  its  height  being  only  six  or  seven  meters,  and  by 
this  means  communication  has  been  easily  carried  out  with 
a  syntonized  station  over  a  distance  of  31  miles.  A  25-centi¬ 
meter  spark  induction  coil  worked  by  accumulators  and 
taking  about  100  watts  is  used  for  transmitting,  and 
the  accumulators  can  be  recharged  by  a  small  dynamo 
worked  by  the  ear  motor.  I  believe  such  an  appliance  might 
have  been  of  use  to  the  besieged  garrisons  in  South  Africa 
and  China. 

A  strip  of  wire  netting  laid  cm  the  ground  is  sufficient 
(or  earth  connection,  and  by  dragging  it  along  eommunica- 
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lion  can  be  established,  even  w hen  the  t  .11  i*>  tiavihu,*,  I 
have  recently  obtained  as  good  irsults  h\  wi  ihim;  au\ 
“  connection  "  to  earth,  but  onh  utilizing  in  Hoi  «4  cailh  the 
electrical  eapaeitv  of  the  boiler  «»t  the  ni*«lno,u,  l  .»b"  tuid 
that  signals  can  be  transmitted  a  1  ousidriuhlr  dbfam  r  with 
the  cylinder  in  a  horizontal  position. 

Last  spring  l  recognized  the  desiiabilitv  ot  umm*;  out 
tests  between  stations  situated  at  turn  h  g»  eafr  1  ds  4am  es 
apart,  than  had  been  attempted  hririotoir,  \  si.n n  «n  u  as 
established  at  the  Li/atd.  Cornwall,  and  -m  the  hist  aftrmpt 
communication  was  elfeeted  willt  M  C  alhej  ine  %,  I  sir  of 
Wight,  over  a  distance  oi  1S0  tilths,  u  hn  h  I  bt  br\  r  o.  thr 


record  distance  over  which  signals  havr  hern  sent  fhiough 
space  without  wires.  It  is  Inlet  rsftng  to  oiisrite  that  Mg 
nals  were  obtaiued  over  this  distatu  e  w  sit*  the  ti  arnauitting 
apparatus  as  show  it  in  Fig.  t  to,  «»r  u  sth  the  at  laugetnrui 
shown  in  Fig.  1 34,  provided  always  that  a  suitable  fesonat 
irtg  induction  coil  was  ent  phi  veil  at  the  m  riving  station 

The  amount  of  energy  used  for  signaling  »oci  this  *  It  % 
tance  is  not  more  than  1 50  watts,  but  r\pn  unriit*.  w  ith  a 
larger  amount  of  energy  will  shottly  l»r  1  at urd  out  1st  the 
case  of  the  iHbanite  transmission,  the  ama!  oimiiu  tot  *  on 
sisted  of  four  parallel  vertical  w  ires,  1,40  usetn  *»  apai  f . 
meters  long,  or  in  a  strip  of  wire  netting  *4  the  %«m- 
length. 

It  is  interesting  to  note  that  in  order  to  *  omrnuiueate 
between  my  stations  at  INmU*  ami  St,  t  athrum  »  uli^iatwr 
31  miles)  with  the  same  amount  of  rnrtgv  and  the  kind 
of  aerial  wire,  this  must  be  ja  mrtn  s  high  t«*  obtain  signals 
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< »f  about  t he*  same  st rength  as  those  obtained  between  1  lie* 

1  NO-mile  stations  with  the  48-meler  aerials. 

This  g<>rs  to  eontirm  many  other  results  previously 
obtained,  whieh  indicate  that  with  a  parity  of  other  con¬ 
ditions  the  distance  varies  with  the  scpiarc  of  the  height  of 
the  vertical  conductors  at  the  two  stations.  1  have  always 
found  this  law  fulfilled,  if  the  height  of  the  conductors  at 
the  two  stations  is  approximately  ecpuil,  although  an  attempt: 
has  been  made  recently  to  throw  doubt,  upon  its  cor¬ 
rectness. 

In  March,  igoo,  there  were  in  use  in  the  Royal  Navy  in 
South  African  waters  live  installations  of  my  system. 
The  Admiralty  was  apparently  well  satisfied  with  its  work¬ 
ing,  since  in  May  of  last  year  t hey  decided  to  extend  its 
adoption  to  thirty 4 wo  more  ships  and  land  stations.  The 
conditions  of  the  contract  were,  that  each  apparatus,  before 
being  accepted,  should  be  satisfactorily  worked  b}'  naval 
signalmen  between  t wo  ships  anchored  at  Portsmouth  and 
Portland,  over  a  distance  of  62  miles,  a  eonsiderable  portion 
of  whieh— i.  e.,  iH  miles  lies  over  land,  with  intervening 
hills ;  and  the  height  of  aerial  wire  was  speeilied  not,  to  ex¬ 
ceed  on  eaeh  ship  49  meters.  4' he  apparatus  was  delivered 
in  a  comparatively  short  lime,  no  sels  having  been  found 
unsatisfactory.  The  apparatus  supplied  to  the  Admiralty 
is  so  far  all  of  the  old  pattern— i.  e.,  the  nun-syntonized 
system  -and  I  have  been  informed  that  messages  have 
been  transmitted  and  received  by  naval  signalmen 
between  ships  more  than  160  kilometers  apart.  It 
sometimes  occurs  that  the  unfamiliarity  of  the  opera¬ 
tors  with  the  particular  kind  of  apparatus  used  causes 
unsatisfactory  results  to  be  obtained,  but  I  believe  this  trou¬ 
ble  will  soon  disappear.  I  am  glad  to  be  able  to  state  that 
arrangements  are  being  made  to  install  my  new  syntonic 
apparatus  upon  several  of  His  Majesty’s  ships,  l  believe 
that  in  no  other  navy  in  the  world  is  wireless  telegraphy 
being  worked  regularly  over  such  considerable  distances. 
My  system  is  also  used  for  communication  between  the 
Borkum  Riff  and  Borkutn  lightship,  in  Germany,  where  an 
ordinary  commercial  charge  is  made  for  messages  received 
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from  ships,  and  it  is  emj  *!«  >\  cd  tui  l  he* »  <  »u  t  hr  \<  a  d  1  U  s 1 1  m  her 
Lloyd  mail  steamer  ’•  K,hmt  Wilhelm  d*  i  Us'-.m-  ” 

According  to  an  < »lf’u  i.d  repm!  «•!  the  lnsprii.il  p.i^tal 
authorities  of  (  )ldcubutg,  t !»<*  tula!  numb*  t  »»1  »  *  uuiun  »  j.t| 
wireless  telegrams  t ruuMuittcd  fa *m  and  1«*  the  lightship 
between  May  l  5  ami  tin*  caul  of  IHImIu-i  .ummntrd  to 
and  of  those  518  came  from  ships  at  sea,  \%  lair  }  ■*  u  rir  tiaus 
mitted  to  ships.  Of  the  >iS  telegrams  t ;  ;*  pi  1  1  rut  u  nr 
addressed  to  the  Noifh  Oei man  Lloyd,  and  <*.|  *,  pn  » mt  t»» 
other  shipping  firms. 

The  installations  are  worked  ! » y  ordinary  operator s  in  a 
most  salisfaetory  manner,  and  on  one  o»  t  aM«  m  assist  am  e 
was  obtained  for  a  man  who  was  taken  suddenly  ill  »m  the 
Borkum  Kiff,  ami  it  was  thus  made  possible  hand  S»i*u 
over  promptly  for  medical  treatment  on  shore. 

Before  concluding,  f  wish  to  sa\  a  few  wools  on  4 
method  proposed  by  l*r»»f,  Slabv,  and  with  w hu  U  1  have 
also  carried  out  some  experiments.  As  transmitter,  Slaby 
uses  an  arrangement  as  shown  in  big.  t-p\  «<  hh  ft  t  ousts! ^  of 
a  vertical  conductor,  sit  wind  It  is  interposed  11  ouihnon ,  Ad 
and  a  spark  gap,  IK  The  top  of  the  wire  is  not  free,  but  i% 
connected  to  earth  through  utt  inductance,  C  IK  and  a 
wire,  It. 

At  the  receiving  station  the  arrangement  shown  in  log. 
144  is  employed.  It  consists  of  a  vert  it  a  l  t  oudm  tor ,  f)  ( \ 
connected  to  earth  at  C,  which  should  lit*  the  nodal  point  of 
the  waves  induced  in  the  wire,  D  l  \  w  here  there  is  j« *inrd 
another  wire,  termed  an  extension  wire,  of  equal  length. 

In  this  case  Slahy  places  an  apparatus  which  he  *  alls  a 
“  multiplicator,"  connected  to  the  coherer  between  the  end 
of  the  extension  wire  and  the  earth,  or  by  another  at  range 
merit  (Fig.  144),  he  uses  a  loop  wire,  F  G  II  l>  C  F.  the 
multiplieator  being  placed  between  R  and  F,  in  series  with 
the  extension  wire,/.  By  means  of  this  at  rangemrttb  Mahv, 
on  the  2^d  of  December  of  last  year,  showed  flic*  m  eption 
of  two  different  messages  sent  from  two  transmitting  st,i. 
tit  ms  situated  at  unequal  distances  from  the  rrrrht«g  sta¬ 
tion  to  be  possible,  one  station  being  nt  4  kilometer*  ami  the 
other  at  14  \  thus  obtaining  u  result  which  may  l*e  t  ortstdcft*d 
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similar  to  that  obtained  by  me  some  months  previously  over 
longer  distances. 

We  are  not  told  what,  was  the  amount.of  energy  used  for 
the  transmission  nor  tin'  height  of  the  vertical  conductor  at. 
the  receiving  station  or  at;  the  transmitting  station  at  the 
Abet’spree  Kahlewilrks.  We  are  only  told  that  the  trans¬ 
mission  wire  was  suspended  between  the  chimney  shafts. 
Very  little  information  is  given  as  to  the  appliance  which 
Dr.  Slaby  calls  a  multiplicator.  G.  Kapp,  who  is  probably 
acquainted  wit h  the  details  of  Siaby’s  work,  commenting  on 
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this  paper  of  his,  calls  the  instrument  in  question  “  ant 
especially  wound  induction  coil  (‘ Incluction-spule ’),  the 
function  of  which  is  to  increase  the  K,  M.  F.  of  the  oscilla- 
tions  at  the  ends  of  the  coherer.”  Upon  reading  this  for  the 
first  time,  I  assumed  that  the  multiplicator  was  an  oscillation 
transformer  performing  the  function  of  those  described  in 
my  patent,  dated  June  i,  1898,  and  also  described  in  my 
Royal  Institution  lecture  of  February  2,  1901.  As  I  .subse¬ 
quently,  however,  discovered,  Prof.  Slaby,  referring  to  the 
multiplicator,  states  *.  "  This  apparatus  in  its  most  simple 
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form  consists  of  a  wire  coil  <4  a  delei  mined  detpr  ,u 
of  winding,  which  depends  tip> >u  the  length  »4  t h 
.  .  .  I  might  eall  this  apparatus,  uukmtw  u  t*»  m\ 

edge  u { >  to  the  present,  a  multiple  ana .  It  in  n, . 
confounded  with  a  transformer,  as  it  h  .( S  111  t  M'l 
winding.1’ 

This  statement  appears  to  mr  \ ri  v  amhigttou 
always  have  uuderstond  that  what  ,,  , „ , 

*  $  i i  1 1 

wc  call  transformers  need  not  have 
a  distinct  secondary  winding.  An 
appliance  called  an  auto  truus. 
former  was  used  bv  the  Wesfimr  I  I* 
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n.  M.  F.  supplied  to  house-lighting  install.  tfjom,  «  Id*  It  to 
stated  in  a  single  winding,  a  certain  number  >,f  turn**  .»» tin 
inductively  cm  the  adjacent  ones, 

“  Page  really  made  the  first  r\f*rdutrut  $u  .tittoindu 
tion  and  showed  that  different  parts  of  the  same  combs*  h 
might  act  as  primary  and  secondary  rin  nil**  t*»  rat  h  *,the 
if  in  contiguity/' 

l  installed  the  apparatus  described  by  SI  a  by  ,»t  Xito 
Isle  of  Wight,  and  at  Poole,  using  wires  j§  turf n%  high,  bi 
with  the  receiving  wire  earthed  at  ("(Fig.  1 44)  of  the  loop, 
could  receive  nothing,  although  l  tried  various  firiptrm  a 
of  oscillation.  It  is,  however,  probable  that  I  might  b.iv 
received,  had  I  been  working  over  tttttth  sb* <ric  r  dietaries 
than  50  kilometers,  as  Xlaby  thd  In  his  dnsuiiotiatiMti,  t 
had  I  vised  a  greater  height  of  wire. 
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By  using,  however,  my  method  of  connection,  i.  c.,  intro¬ 
ducing  bet  ween  tin*  vertical  wire  and  earth  an  oscillation 
transformer,  having  its  circuits  tuned  to  the  frequency  given 
by  an  ordinary  vertical  radiating  conductor  of  length  equal 
to  the  Slaby  wire,  A  C,  I  succeeded  by  means  of  extremely 
sensitive  coherers  in  obtaining1  communication,  I  then  tried 
the  following  experiment.  I  took  down  the  earth  wire,  ED, 
and  the  inductance,  D  C,  and  used  only  the  conductor,  A  C\ 
insulated,  with  the  condenser  in  circuit  for  transmitting. 
An  enormous  strengthening  of  the  signals  at  the  receiver 
was  immediately  obtained,  which  obviously  means  a  greater 
ease  of  working,  and  the  possibility  of  obtaining  signals 
over  great t'l*  distances.  The  reasons  which  demonstrate 
that  a  closed  circuit,  such  as  is  employed  by  Slaby,  must  be 
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11  poor  radiator,  are  obvious  to  those  who  have  studied  and 
read  the  classical  works  published  since  the  time  of  Hertz’s 
experiments. 

Dr.  Slaby,  however,  states  that  the  inductance  at  the  top 
of  his  loop  confines  the  oscillations  to  the  vertical  part,  A  C, 
If  this  he  the  case,  the  frequency  of  these  local  oscillations 
cannot  be  equal  to  that  of  the  whole  circuit,  A  CD E,  which 
it  has  been  stated  was  so  easy  to  calculate,  if  the  translations 
of  Slaby ’s  paper  I  am  relying  on  are  correct. 

I  believe  that  notwithstanding  the  inductance,  C  D,  a 
considerable  amount;  of  energy  must  pass  to  earth  through 
the  earthed  wire,  which  acts  as  a  leak  uselessly  dissipating 
energy  which  should  be  radiated  into  space  in  the  form  of 
ether  waves. 
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If  these  conclusions  are  count.  t  am  n««t  at  ,iH  i  i«  ,u  as 
to  what  necessity  there  is  !»u  eiupho  imi,  tie-  *  as  f lus {  < » ,n 
ductor,  R  J),  atul  the  inductance. 

It  is  not.  necessary  for  obtaining  **\ nt*  *nu-  rth  <  t -.  to »m 
transmitting  stations  placed  at  line* jual  distant  (  ■>.  l  o  *m  t  hr 
receiver,  as  these  ean  he  ohtainetl  u  hen  iimiu;  the  pitmitnr 
form  of  transmitter  shown  in  Fig'.  «  a ».  and  slab*  has  not  \«  t 
described  how  to  obtain  diffetent  messages  loan  ttan  auit 
tors  situated  at  equal  distances  to  mi  the  m  «im\  aim  h  is 
much  more  difficult  in  my  e\pcnrm  r.  tun  d» *cs  it  appeal 
possible  with  the  method  he  dest  t ihrs  to  ftanstml  various 
messages  at  the  same  time  from  our  sending  wnv,  .is  t  an  be 
clone  with  the  system  I  have  just  evpl.uned. 

The  distance  obtained  with  the  »  b'-cd  itaieaniuiog  at 
rangement  must  be  eomparativeh  small 

As  I  have  already  stated,  eomtutitm  ati«m  mm  a  distance 
of  300  kilometers  is  now  being  maintained  «  if h  m\  *0  stem, 
but  I  am  not  aware  of  anything  appout  lung  ru  u  t  **  kilo 
meters  being  achieved  with  the  loop  ti  atiMnitfri  it  mav  l*e 
said  that  long  distances  of  transmission  ate  m»t  «»«■«  rv.ai il\ 
an  advantage,  but  I  notice  that  the  uav  v  wants  long  dutam  e 
apparatus  supplied  to  it. 

I  have  also  tried  connections  similar  to  SlabvA  extension 
wire  in  the  receiver,  but  I  find  that  the  oral  sifting  out  of 
waves  is  done  in  the  oscillation  transfot  met ,  although  some 
times  it  maybe  desirable  to  increase  the  pri  iod  of  mm  ilia 
tion  of  the  aerial  conductor  by  adding  indm  tarn  r  to  it,  m 
at  other  times  to  decrease  the  period  tty  placing  a  suitable 
condenser  in  series  with  it. 

I  have  come  to  the  conclusion  that  the  days  of  the  m«u 
tuned  system  are  numbered.  The  ether  a  Unit  the  English 
Channel  has  become,  in  consequent e  of  girat  \\  tt  eiess 
activity,  exceedingly  lively,  and  a  non  timed  iroivrr  keeps 
picking  up  messages  or  parts  of  messages  lamt  sat  ions 
sources  which  very  often  rentier  unreadable  the  message 
one  is  trying  to  receive.  I  am  glad  t»»  however,  that  l 
am  now  prepared  with  syntonic  apparatus  %uit.i!ilr  f«»i  nun 
mercial  purposes. 

And,  as  my  final  word  on  the  general  subject  jot  the 
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present,  lot  me  say  that  those  who  are  responsible  for  the 
recent  development  of  wireless  telegraphy  into  a  practical 
science,  cannot  tail  to  find  great.  satisfaction  in  the  reflection 
that,  as  already  life  has  been  saved  that,  without,  this  dis¬ 
covery  would  have  been  lost,  so,  in  the  future,  apart:  from 
its  manifold  commercial  possibilities,  valuable'  as  these  are, 
humanity  is  likely  to  have  before  very  long1  to  recognize  in 
telegraphy  through  space  without,  connecting  wires  the 
most  potent,  safeguard  that  has  yet,  been  devised  to  reduce 
the  perils  of  the  world's  sea-goiug  population. 

( Marconi  on  his  recent  trip  to  this  country,  received  dis¬ 
tinct  tape-written  messages  from  Pnldliu,  Cornwall,  until 
he  was  over  1,500  miles  from  that  point,  and  since  that 
time  has  succeeded  in  signaling-  from  Kurope  to  this 
country.  | 

now  to  roNSTurrr  ax  efficient  wireless  teleoraiti 

ALFA  RATES  AT  A  SMALL  COST. 

II V  A.  FUKDMUCK  COU.INS. 

Since  the  practical  introduction  of  wireless  telegraphy 
in  tH(/i,  great,  progress  has  been  made,  not  only  in  spanning 
great  distances,  but  in  syntonizing  or  tuning  a  certain 
receiver  to  respond  to  a  given  transmitter. 

To  telegraph  a  mile  or  so  without  wires  by  what  is  known 
as  the  etheric  wave  or  Hertzian  wave  system  is  not  difficult; 
indeed,  the  apparatus  required  is  but  little  more  complicated 
than  the  ordinary  Morse  telegraph,  and  is  so  simple  that 
the  reader  need  have  n h  difficulty  in  comprehending  every 
detail ;  if,  cm  the  other  hand,  one  wishes  to  work  out  the 
theory  involved,  it  becomes  such  a  difficult  task  that  the 
master  physicists  have  yet  to  solve  it.  It  is  the  practical 
side  and  not  the  theoretical  side  of  wireless  telegraphy  we 
have  to  deal  with  here. 

The  instrument  that  sends  out  waves  through  space  is 
termed  the  transmitter,  and  this  I  shall  first  describe.  It 
consists  of  an  ordinary  induction  or  Kuhmkorff  coil  (see 
Fig.  145)  giving  a  half-inch  spark  between  the  secondary 
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to  supply  the  oscillators,  as  the  l trass  halls  are  termed.  simr 
the  coils  of  the  smaller  size  do  not  tmiinlr  them,  llir  b*aw 
balls  should  be  half  an  inch  in  diamete  r  and  %ulid,  thr\ 
may  be  adjusted  to  the  binding  posts  of  tlir  mh  ornlai  v 
terminals  by  brass  wires,  as  shown  in  flu*  diagrammatic 
view,  Fig.  146.  It  will  require  two  cells  of  Iluiwn  battery 
to  operate  the  coil,  or  three  cells  of  Grenet  or  bichromate 


W I UKI.KSS  TKI.KtiKAl'IIV. 


365 


of  potash  battery  will  operate  it.  nicely.  An  ordinary  Morse 
telegraphic:  key  is  connect  eel  in  series  with  the  battery  and 
induction  coil,  as  shown  in  the  diagram.  Now  when  the 
key,  4,  is  pressed  down,  the.  circuit  will  be  opened  and 
closed  alternately' — like'  an  electric  bell-  by  the  interrupter, 
2,  and  a  miniature  Hash  of  lightning  breaks  through  the 
insulating  air-gap  between  the  balls  or  oscillators,  5,  and 
this  spark  or  disruptive  discharge  sends  out.  the  etherie 
wave's  into  space  in  every  direction  to  a  very  great  dis¬ 
tance. 

The  oscillators  should  be  finally  adjusted  so  that  not 
more  than  an  eighth  of  an  inch  air-gap  separates  them. 
The  reason  the.  distance  between  them  is  cut  down  from 
a  half  to  an  eighth  of  an  inch  is  because  in  wireless  tele¬ 
graphy  it.  has  been  found  that  a  "  fat.  ”  spark  emits  waves 
of  greater  intensity  than  a  long,  attenuated  one.  The  balls 
are  termed  oscillators,  since,  when  the  electric  pressure  at 
the  balls  becomes  great  enough  to  break  down  the  air 
between  them,  the  electric  wave  oscillates  or  vibrates  very 
much  as  a  string  of  a  musical  instrument,  oscillates  when 
struck;  in  other  words,  it  vibrates  back  and  forth,  very 
strongly  at  first.,  growing  lesser  until  it  ceases  altogether. 

The  coil  and  key  may  be  mounted  on  a  base  of  wood 
8  inches  wide  by  \y  inches  long  and  f  inch  thick  (Fig.  145). 
This,  with  the  battery,  constitutes  the  wireless  transmitter 
complete,  with  the  exception  of  an  aerial  wire  leading 
upward  to  a  must  30  or  40  feet  high,  or  the  wire,  may  be 
suspended  outside  a  building.  At  the  upper  end  of  the 
wire  a  copper  plate  u  inches  square  should  be  soldered ; 
this  is  the  radiator,  and  sends  out  the  waves  into  space. 
Another  wire,  8,  leading  from  the  instrument  is  connected 
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To  the .  receiving  device  (hen-  arc  more  parts  than  to 
the  transmitter,  ami  to  simply  gm*  upon  the  cut,  Fig.  ,47  it 
wnul.l  lie  almost  impossible  to  obtain  a  correct  idea  of  the 
connections.  1  o  the  hiyman  the  most  mysterious  part  of  the 
whole  system  ol  wireless  telegraphy  is  the  most  simple  and 
the  easiest  understood.  1  refer  to  the  coherer.  A,  Fig  146  is 
a  diagrammatic  view  of  an  experimental  coherer,  one  that  is 
suitable  lor  the  set  ill  lunul,  for  it  is  inexpensive,  easy  of 
adjustment  and  quite  sensitive.  A  coherer,  reduced  to  its 


tium  silver,  i-ifith  inch  in  diameter,  forced  into  a  piece  of 
gla.vi  tubing,  with  some  silver  and  nickel  filings  between  the 
ends  of  the  wire  at  the  point,  7. 

I  he  brass  standards  t,  shown  at  A,  Fig,  146,  together  with 
the  set  screws  and  springs,  are  merely  adjuncts  attached  to 
the  coherer  wires  to  obtain  the  proper  adjustment  and  to 
then  retain  it,  The  filings  may  be  made  from  a  nickel  five 
cent  piece  and  a  silver  dime,  using  a  coarse  file.  The 
amount  of  filings  to  be  used  in  the  coherer  can  be  roughly 
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estimated  by  having-  the  bore  of  the  tube  i-i6th  of  an  inch 
in  diameter,  and  after  one  wire  plug  has  been  inserted,  pour 
in  enough  of  the  filings  to  have  a  length  of  i-i6th  inch. 
Before  describing  the  function  of  the  coherer,  it  will  be  well 
to  illustrate  the  connection  of  the  relay,  tapper,  sounder  and 
coherer,  and  batteries.  As  shown  B,  Fig.  146,  the  tapper — the 
central  instrument  back  of  the  coherer — is  improvised  from 
an  old  electric  bell,  the  gong  being  discarded.  The  relay, 
on  the  right,  should  be  wound  to  high  resistance,  about  100 
ohms.  It  is  listed  as  a  “pony  relay,”  and,  like  all  other 
parts  of  the  apparatus  except  the  coherer,  it  may  be  pur¬ 
chased  of  any  dealer  in  electrical  supplies.  The  sounder,  on 
the  left,  is  an  ordinary  Morse  sounder  of  4  ohms  resistance. 
The  tapper  magnets  should  be  wound  to  4  ohms.  All 
should  now  be  mounted  on  a  base  10  by  16  inches  and  con¬ 
nected  up  as  the  diagram  B,  Fig.  146,  illustrates  ;  that  is,  the 
terminals  of  the  coherer  are  connected  in  series  with  two 
dry  cells^2,  and  the  relay,  3.  From  the  relay  a  second  circuit, 
also  in  series,  leads  to  the  tapper,  6,  thence  to  a  battery  of 
three  dry  cells,  5,  and  on  to  the  sounder,  4,  and  finally  back 
to  the  relay,  3.  This  much  for  the  two  electric  circuits. 
The  puzzling  part  to  the  novice  in  wireless  telegraphy  lies- 
in  the  wires,  7  and  8,  branching  from  the  coherer.  These 
have  nothing  to  do  with  the  local  battery  circuits,  but  lead 
respectively  up  a  mast  equal  in  height  to  the  one  at  the 
transmitting  end  and  down  in  the  ground,  as  before 
described.  These  are  likewise  provided  with  copper  plates. 
As  shown  in  the  engraving,  Fig.  146,  the  connections  are  all 
made  directly  between  the  relay,  coherer,  sounder,  tapper 
and  batteries  for  the  very  sensible  reason  that  they  are  con¬ 
nected  together  with  a  deal  less  trouble  than  by  the  some¬ 
what  neater  method  of  wiring  under  the  baseboard.  This, 
however,  is  a  matter  of  time,  taste  and  skill. 

Now  let  us  see  what  the  functions  of  each  of  the  appli¬ 
ances  constituting  the  receiver  are,  their  relation  to  each 
other,  and  finally,  as  a  whole,  to  the  transmitter  a  mile  away. 
To  properly  adjust  the  receiver  to  the  transmitter  it  is  well 
to  have  both  in  the  same  room — though  not  connected — and 
then  test  them  out.  The  relation  of  the  coherer  to  the  relay 
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and  battery  circuit  may  be  likened  to  that  of  a  push-button, 
the  bell  ami  its  battery,  t  oherer  and  push-button  normally 
represent  the  circuit  open.  When  one  pushes  the  button, 
the  circuit  is  closed  and  the  bell  ring's;  when  the  Hertzian 
waves  sent  out,  by  the  distant  transmitting  coil  reach  the 
coherer,  the  particles  of  metal  filings  cohere — draw  closer 
together-  -thus  closing  the  circuit,  and  the  relay  draws  its 
armature  to  its  magnets,  which  closes  the  second  circuit, 
and  then  the  tapper  and  sounder  become  operative. 

The  purpose  o(  the  tapper  is  to  decohere  the  filings  after 
they  are  affected  by  the  etherio  waves  each  time,  otherwise 
no  new  waves  would  manifest  themselves.  The  relay  is 
necessary,  since  the  maximum  and  minimum  conductivity  of 
the  coherer,  when  normal  and  when  subject  to  the  action  of 
the  waves,  is  not  widely  divergent,  and  therefore  an  appli¬ 
ance  far  more  sensitive  than  an  ordinary  telegraphic  sounder 
is  needed  ;  this  is  provided  by  a  relay,  which,  while  being 
much  mure  sensitive,  lias  the  added  advantage  of  operating 
a  delicately -poised  lever  or  armature  instead 'of  a  heavy  one 
used  on  the  sounder.  Signals  can  be  read  from  the  tapper 
ahme,  hut  to  produce  clots  and  clashes— the  regular  Morse 
code  a  sounder  is  essential. 

The  adjustment  of  the  coherer  and  its  relation  to  the 
relay  is  not  us  difficult  as  the  final  adjustment  of  the 
sounder  and  tapper,  but  if  the  following  rules  arc 
adhered  to  carefully,  the  result  will  bo  a  successful 
i  reriver. 

First  arrange  the  adjusting  screws  of  the  relay  arma¬ 
ture  so  that  it  will  have  a  free  play  of  only  i-32d  of  an 
inch,  when  the  armature  is  drawn  into  contact  with  the 
second  circuit  connection,  just  clearing  the  polar  projec¬ 
tions  of  the  magnets  ;  have  the  tension  of  the  spring  so  that 
it  will  have  only  “  pull"  enough  to  draw  back  the  armature 
when  there  is  no  current  flowing  through  the  relay  coils. 
Now  connect  the  two  dry  cells  in  series  with  the  coherer,  II, 
Fig.  14b.  Unscrew  one  of  the  top  set-screws,  2  A,  Fig.  14b,  and 
then  screw  up  the  inner  screw,  3,  until  the  current  begins  to 
flow  through  the  circuit  and  pulls  the  armature  of  the  relay 
tn  the  m  a  if  nets.  Tati  the  coherer  with  a  pencil  while  turn- 
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in^  the  screw  of  the  coherer  t<<  pie\»  nf  pi rm.itxn «•  » 
which  is  apt  to  occur  by  j'rrHMin',  Wh*  u  a:*--,  •iwir  b.il.tiu  e 
is  sccumi  between  the  cohcicr  and  the  irl.u ,  %  *m nn  f  in  the 
battery  of  the  second  ein  nit,  w  hit  h  tm  tube*,  the  t.ippi  r  and 
the  sounder.  When  the  relay  ainuttuc  in  tit  .mu  into  oui. 
tact,  closing  the  second  circuit,  b*«th  list-  tapper  and  the 
sounder  should  operate,  the  former  tapping  the  t  olietcr  and 
the  latter  sounding  the  stroke,  l  he  adjustment  »4  the 
sounder  requires  the  must  pat ieiu c,  lot  it  e*  b%  the  nn  1*4 
delicate  testing  ulone  that  the  jnopi-r  ten  a. u»  b»  obtained. 
This  is  done  by  the  screw  regulating  the  spi ing  att.n  hed 
to  the  sounder  lever. 

When  nil  has  been  as  runted  and  t Uv  1«««  ,il  v  iu  nit 
of  the  transmitter  is  rinsed,  the  spai k  passes  brtwriu  t lie* 
oscillators,  waves  are  sent  tuwdhlv  thioiigh  spai  e  i» v  the 
aerial  and  earth  plates,  and  radiating  iu  rxn\  due.  fern,  a 
minor  portion  must  mine  tut**  confai  1  with  the  t n  rh iug 
aerial  and  ground  plates  u  hete  thin  ate  «  mud  In  u# 
ducting  wires  to  the  coherer,  and  unbn  the  »«n*>«  *4  the 
waves,  the  tilings  cohere,  the  irl.n  1  ji*  rut  is  1  !> «m  d,  di aw 
ing  Hit?  armature  into  cont.u  t,  closing  the  sr  t . *nd  intuit, 
when  the  tapper  operates,  striking  the  tofsrsrs  tube  and  dr 
cohering  the  filings;  at  the  same  time  the  tines  of  the 
sounder  is  pulled  down,  and,  In  the  law  of  ttiritu,  it  will 
continue  to  remain  down,  if  a  succession  «*i  w avrs  air 
being  sent  by  the  transmitter,  assuming  the  k<n  is  bring  held 
down,  producing  a  dash,  notwithstanding  the  tapprs  keeps 
busily  at  work  decohering  in  response  to  the  1  onittntnttdy 
closing  circuit  caused  by  the  waves;  but  tin*  soundri  dug- 
gish  in  its  action —when  once  drawn  tfim  u,  w  til  i rmasu  so 
until  the  last  wave  is  received  and  the  tapper  ties  <<hs  sen  for 
the  last  time,  finally  breaking  the  second  t  in  nit  ha  4  Mdfu  fi 
ent  length  of  time  to  permit  tin*  hra\  v  finer  to  irgaiu  its 
normal  position. 

All  these  various  actions  require  ,1  spo  die  time  in  which 
to  operate,  and  m  the  transtnitttitg  kev  must  hr  oprratril 
very  slowly,  each  dot  and  dash  being  given  4  %nffirient 
length  of  time  for  the  passage  of  a  good  spat  k,  With  the 
Marconi,  Slab)*,  Guarini  and  all  other  system**  ».f  wireles* 
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telegraph y  now  in  use,  only  twelve  to  fifteen  words  per 
minute  ean  he  sent.  It  is  also  well  to  remember  that  the 
higher  the  wires  leading  up  the  mast  tire,  the  further  the 
messages  will  earrv.  Wireless  transmission  over  water  ean 
he  carried  to  about  ten  times  as  great  a  distance  as  over 
land, 

Wireless  telegraphy  is  very  much  like  photography 
and  everything  else  worth  knowing.  To  know  it  well 
requires  care,  patience  and  practice,  and  the  more  one 
keeps  everlastingly  at  it,  the  greater  the  results 
will  he. 

oRlOtNAl.  MEMOIR  OK  I'ROK.  RdKNTDKN  “ON  A  NEW  KIND 

OK  KAVS.” 


1.  A  discharge  from  a  large  induction  coil  is  passed 
t h rough  a  l  littorfs  vacuum  tube  or  through  a  well  exhausted 
Ci nukes  or  Louard  tube.  The  tube  is  surrounded  by  a 
I  airly  close-fitting  shield  ol  black  paper ;  it  is  then  possible 
to  see,  in  a  completely  darkened  room,  that  paper  covered 
on  one  side  with  barium  plutinucyanide  lights  up  with  bril¬ 
liant  iiuoresecnee  when  brought  into  the  neighborhood  of 
the  tube,  whether  the  painted  side*  or  the  other  be  turned 
toward  the  tube.  The  fluorescence  is  still  visible  at  two 
meters  distance.  It  is  easy  to  show  that  the  origin  of  the 
fluorescence  lies  within  the  vacuum  tube. 

2.  It  is  seen,  therefore,  that  some  agent  is  capable  of 
penetrating  black  cardboard,  which  is  quite  opaque  to  ultra¬ 
violet  light,  sunlight,  or  arc  light.  It  is  therefore  of  interest 
to  investigate  how  far  other  bodies  can  be  penetrated  by  the 
sunn-  agent.  It  is  readily  shown  that  all  bodies  possess  this 
same  transparency,  but  in  very  varying  degrees.  For  ex¬ 
ample,  paper  is  very  transparent ;  the  fluorescent,  screen  will 
light  up  when  placed  behind  a  book  of  a  thousand  pages  ; 
printer’s  ink  offers  no  marked  resistance.  Similarly  the 
fluorescence  shows  behind  two  packs  ol  cards;  a  single  card 
dors  not  visibly  diminish  the  brilliancy  of  the  light.  So, 
again,  a  single  thickness  of  tinfoil  hardly  casts  a  shadow  on 
the  screen ;  several  have  to  be  superposed  to  produce  a 
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marked  effect.  Thick  blocks  of  wood  are  still  ti  ansparent. 
Boards  of  pine  two  or  three  centimeters  thick  absorb  only 
very  little.  A  piece  of  sheet  aluminum,  15  rnm.  thick,  still 
allowed  the  X  rays  (as  I  will  call  the  rays,  for  the  sake  of 
brevity)  to  pass,  but  greatly  reduced  the  fluorescence.  Glass 
plates  of  similar  thickness  behave  similarly  ;  lead  glass  is, 
however,  much  more  opaque  than  glass  free  from  lead. 
Ebonite  several  centimeters  thick  is  transparent.  If  the 
hand  be  held  before  the  fluorescent  screen,  the  shadow 
shows  the  bones  darkly,  with  only  faint  outlines  of  the  sur¬ 
rounding  tissues. 

Water  and  several  other  fluids  are  very  transparent. 
Hydrogen  is  not  markedly  more  permeable  than  air.  Plates, 
of  copper,  silver,  lead,  gold,  and  platinum  also  allow  the  rays 
to  pass,  but  only  when  the  metal  is  thin.  Platinum  0-2  mm. 
thick  allows  some  rays  to  pass  ;  silver  and  copper  are  more 
transparent.  Lead  1*5  mm.  thick  is  practically  opaque.  If 
a  square  rod  of  wood  20  mm.  in  the  side  be  painted  on  one 
face  with  white  lead,  it  casts  little  shadow  when  it  is  so 
turned  that  the  painted  face  is  parallel  to  the  X  rays,  but  a 
strong  shadow  if  the  rays  have  to  pass  through  the  painted 
side.  The  salts  of  the  metals,  either  solid  or  in  solution,  be¬ 
have  generally  as  the  metals  themselves. 

3.  The  preceding  experiments  lead  to  the  conclusion 
that  the  density  of  the  bodies  is  the  property  whose  varia¬ 
tion  mainly  affects  their  permeability.  At  least  no  other 
property  seems  so  marked  in  this  connection.  But  that  the 
density  alone  does  not  determine  the  transparency  is  shown 
by  an  experiment  wherein  plates  of  similar  thickness  of  Ice¬ 
land  spar,  glass,  aluminum,  and  quartz  were  employed  as 
screens.  Then  the  Iceland  spar  showed  itself  much  less 
transparent  than  the  other  bodies,  though  of  approximately 
the  same  density.  I  have  not  remarked  any  strong  fluo¬ 
rescence  of  Iceland  spar  compared  with  glass  (see  below, 
No.  4). 

4.  Increasing  thickness  increases  the  hindrance  offered 
to  the  rays  by  all  bodies.  A  picture  has  been  impressed  on 
a  photographic  plate  of  a  number  of  superposed  layers  of 
tinfoil,  like  steps,  presenting  thus  a  regularly  increasing  thick- 


<>N  A  NFW  KIND  OF  RAYS.' 


ness.  Phis  is  to  Ik*  submitted  to  photometric  processes 
when  a  suitable  instrument  is  available. 

5.  Pieces  oi  platinum,  lead,  zinc,  and  aluminum  loil  were 
so  arranged  as  to  produce  the  same  weakening'  of  the  effect. 
1  he  annexed  table  shows  the  relative  thickness  and  density 
of  the  equivalent  sheets  of  metal : 

TlmKm.sM,  Ui'lutivo 


Platinum .  . . 

'tm. 

.  . . .  ,  O'otiS 

TIliCkllt'HH. 

I 

Dt'iutlcy. 

21*5 

Lead . 

. .  . . .  0*050 

3 

1 1*3 

Zinc  . . 

.  O'  loo 

6 

7'  * 

Aluminum  . 

.  3  500 

200 

2*6 

From  these  values  it  is  clear  that  in  no  case  can  we  ob¬ 
tain  the  transparency  ol  a  body  from  the  product  of  its 
density  ami  thickness.  The  transparency  increases  much 
more  rapidly  than  t he  product  decreases. 

(u  The  tluorescence  id  barium  platinocyanide  is  not  t he 
only  noticeable  action  of  the  X  rays.  It  is  to  be  observed 
that  other  bodies  exhibit  fluorescence,  e.  g ,  calcium  sul¬ 
phide,  uranium  glass,  Iceland  spar,  rock  salt,  etc. 

Of  special  interest  in  this  connection  is  the  fact  that  pho¬ 
tographic  dry  plates  are  sensitive  to  the  X  rays,  ft  is  thus 
possible  to  exhibit  the  phenomena  so  as  to  exclude  the  dan¬ 
ger  of  error.  1  have  thus  confirmed  many  observations 
originally  made  by  eye  observation  with  the  fluorescent 
screen.  Here  the  power  of  the  X  rays  to  pass  through 
wood  or  cardboard  becomes  useful.  The  photographic  plate 
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rays  give  rise  in  um  cab >ntic  c»Uvt >*,  t  Ihm',  h«  *  w  r\  m  ,  mu\ 
be  assumed,  for  the  phenomena  tlmuexvrme  >It«tu  that 
t he  X  rays  are  capable  nt  tranxluniiathm.  Is  is  ak< «  »  vt  taut 
that  all  the  X  rays  falling  «*u  a  t »t »*  1  v  dn  imt  Iravr  if  a*, 
such. 

1'he  retina  of  the  eve  is  quite  insensitive  In  thesr  iavs 
the  eye  placed  close  to  the  apparatus  secs  nothing.  It  is 
dear  from  the  experiments  that  this  is  tint  due  t* *  want  nf 
permeability  on  tin*  part  ot  the  sti m  lutes  «»t  the  eve. 

7.  After  my  experiments  mi  the  transparent  v  «»I  increas¬ 
ing  thicknesses  of  different  media,  I  pimveded  t  *  *  investigate 
whether  the  X  rays  eon  Id  be  deflected  bv  a  pi  ism  Investi¬ 
gations  with  water  ami  earbon  bistdpfiide  in  mica  prisms  ol 
30  showed  no  deviation  either  «*n  the  pltutogi apish  *»»  the 
fluorescent  plate.  For  comparison,  light  tavs  weir  allowed 
to  fall  on  the  prism  as  the  apparatus  was  set  up  lot  the  ex- 
periment.  They  were  deviated  to  mm.  ami  Jn  imn.  i expert* 
ively  in  the  case  of  the  two  prisms. 

With  prisms  of  ebonite  and  aluminum.  I  have  obtained 
images  on  the  photographic  plate  which  point  to  a  possible 
deviation.  It  is,  however,  uncertain,  and  at  most  would 
point  to  a  refractive  index  1*05.  No  deviation  can  be  oh 
served  by  means  of  the  fluorescent  screen.  Investigations 
with  the  heavier  metals  have  not  as  vet  led  ft*  any  result, 
because  of  their  small  transparency  and  the  consequent  cm 
feebling  of  the  transmitted  rays. 

On  account  of  the  importance  of  the  question,  it  is  dr  sir- 
able  to  try  in  other  ways  whether  the  X  rays  are  susceptible 
of  refraction.  Finely  powdered  bodies  allow  in  thick  layers 
but  little  of  the  incident  light  to  pass  through,  in  conse¬ 
quence  of  refraction  and  reflection.  In  the  case  of  the  X 
rays,  however,  such  layers  of  powder  arc  for  equal  masses 
of  substance  equally  transparent  with  the  coherent  solid 
itself.  Hence  we  cannot  conclude  any  regular  reflection  nr 
refraction  of  the  X  rays.  The  research  was  conducted  !»v 
the  aid  of  finely  powdered  rock  salt,  fine  electrolytic  silver 
powder,  and  zinc  dust  already  many  times  employed  in 
chemical  work.  In  all  these  cases  the  result,  whether  bv  the 
fluorescent  screen  or  the  photographic  method,  indicated  no 
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difference  in  transparency  between  the  powder  and  the  co¬ 
herent  solid. 

It  is,  hence,  obvious  that  lenses  cannot  be  looked  upon  as 
capable  of  concentrating  the  X  rays;  in  effect,  both  an 
ebonite  and  a  glass  lens  of  large  size  prove  to  be  without 
action.  The  shadow  photograph  of  a  round  rod  is  darker 
in  the  middle  than  at  the  edge  ;  the  image  of  a  cylinder  filled 
with  a  body  more  transparent  than  its  walls  exhibits  the 
middle  brighter  than  the  etlge, 

K,  The  preceding  experiments,  and  others  which  1  pass 
over,  point  to  the  rays  being  incapable  of  regular  reflection. 
It  is.  however,  well  to  detail  an  observation  which  at  first 
sight  seemed  to  lead  to  an  opposite  conclusion. 

I  exposed  a  plate,  protected  by  a  black  paper  sheath,  to 
the  X  rays,  so  that  the  glass  side  lay  next  to  the  vacuum 
tube.  The  sensitive  film  was  partly  covered  with  star-shaped 
pieces  of  platinum,  lead,  zinc,  and  aluminum.  On  the  de¬ 
veloped  negative  the  star-shaped  impression  showed  dark 
under  platinum,  lead,  and,  more  markedly,  under  zinc ;  the 
aluminum  gave  no  image.  It  seems,  therefore,  that  these 
three  metals  can  reflect  the  X  rays ;  as,  however,  another 
explanation  is  possible,  l  repeated  the  experiment,  with  this 
only  difference,  that  a  film  of  thin  aluminum  foil  was  inter- 
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rays  the  more  effectively  as  I  hr  density  o!  tt»-  i  »*  »*  I  \  mu. 
cerned  is  greater. 

tj.  It  .seemed  possible  that  the  j»c*njjii‘ti  ie.d  ui  t  ,im*rmrnt 
of  the  molecules  might  affect  the  action  of  a  i « »< h  upon  tin* 
X  ray-*,  so  that,  for  example.  Iceland  sp.ii  t»*4U  1*8  exhibit  dif 
ferent  phenomena  according  to  the  telatinu  «<t  tl;r  mu  face  of 
the  plate  to  the  axis  of  tlir  crystal,  Kxprrmicnls  with  quasi/ 
and  Ireland  spar  cm  this  point  lead  to  a  iit^atur 

to.  It  is  known  that  Lrnard,  in  hi**  investigations  «»n 
eathocie  rays,  has  shown  that  they  belong  to  the  ethrt  ami 
can  pass  through  all  foidics.  Com  et  niiiK  tlir  X  i.i\  s  the 
same  may  he  said 

In  his  latest  work,  Leuatd  has  investigated  the  ubsm  j*ti« 
coefficients  of  various  bodies  tor  the  t  athodr  i ,i\  mi  Indmg 
aii  at  atmospheric:  pressure,  whit  h  gives  piu,  t  ,y.>,  t  in  l«n  i 
cm.,  according  to  tin*  choree  of  exhaustion  of  the  g.»s  tit  dis 
charge  tube  To  judge  from  the  natiitr  oi  the  »Iim  barge-,  I 
have  worked  at  about  the  same  pressure,  but  »*t *  .immimIU  at 
greater  or  smnllei  pressures  l  find,  using  a  VV'ebri \  photo 
meter,  that  the  intensity  of  the  fluorescent  light  v.u  irs  m  ar  lv 
as  the  inverse  squart  of  the  distant  e  l*H  ween  sitrm  and  dis 
charge  tube.  This  result  is  obtained  from  three  yen  ton 
sistent  sets  of  observations  at  distances  of  too  and  mm, 
Hence  air  absorbs  the  X  ravs  iiuii  h  less,  than  the  *  athodr 
rays.  This  result  is  in  complete  agreement  w ill*  the  piece 
ously  described  result,  that  the  fluorescence  of  the  s»  rent 
can  be  still  observed  at  J  meters  from  the  vacuum  Inter  In 
general,  other  bodies  behave  like  air ;  they  are  more  Iran*-.- 
parent  for  the  X  rays  than  for  the  cathode  rays. 

n.  A  further  distinction  and  a  noteworthy  one  temlt** 
from  the  action  of  a  magnet.  I  have  not  succeeded  in  til*, 
serving  any  deviation  of  the  X  ravs  even  in  vet  v  strong 
magnetic  fields, 

The  deviation  of  cathode  rays  by  tlir  magnet  is  one  of 
their  peculiar  characteristics.  It  has  bent  otwi  vrd  In 
Hertz  anti  Lenard  that  several  kinds  of  cathode  i.tvs  exist, 
which  differ  by  their  pown  of  exciting  phusphof  cm  nice, 
their  susceptibility  of  absorption,  and  their  deviation  by  the 
magnet ;  but  a  notable  deviation  has  tirrii  «bsc:rvr«f  in  all 
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ast*s  which  have  yet  been  investigated,  and  l  think  that 
uc*h  deviation  affords  a  characteristic  not  to  be  set  aside 
ightlv. 

t,\  As  t he  result  of  many  researches,  it  appears  that  the 
date  of  most  brilliant  phosphorescence  of  ( he  walls  of  the 
lisehat ge  tube  is  the  chief  seat  whence  t he  X  rays  originate 
ml  spread  in  all  directions;  that  is,  the  X  rays  proceed 
rom  the  front  where  the  cathode  rays  strike  the  glass.  If 
me  deviates  the  cathode  rays  within  the  tube  by  means  of  a 
minuet,  it  is  seen  that  t  he  X  rays  proceed  from  a  new  point, 
e.,  again  from  t he  end  of  the  cathode  rays, 

Also  for  this  reason  the  X  rays,  which  are  not  deflected 
»v  a  magnet,  cannot  be  regarded  as  cathode  rays  which  have 
Kissed  through  the  glass,  for  that  passage  cannot,  according 
t»  Lenard,  be  the  cause  of  the  different  deflection  of  the  ravs. 
fence  I  conclude  that  the  X  rays  are  not  identical  with  the 
■ufhode  ravs,  but  are  produced  from  the  cathode  rays  at  the 
;iass  surface  of  the  tube. 

J  p  The  ravs  are  generated  not  only  in  glass.  1  have  oh- 
ained  them  in  an  apparatus  closed  by  an  aluminum  plate 
■  turn,  thick  I  purpose  later  to  investigate  the  behavior  of 
>ther  substances. 

tp  The  justification  of  the  term  •*  rays  "  applied  to  the 
dicnomeua  lies  partly  in  the  regular  shadow  pictures  pro- 
hired  bv  the  inteiposition  of  a  more  or  less  permeable  body 
ictvveen  the  source  am)  a  photographic  plate  or  fluorescent 
icreen, 

1  have  observed  and  photographed  many  such  shadow 
lictures.  Thus,  l  have  an  outline  of  part  of  a  door  covered 
vith  lead  paint ;  the  image  was  produced  by  placing  the 
liseharge  tube  on  one  sick*  of  the  door  and  the  sensitive 
date  on  the  other.  1  have  also  a  shadow  of  the  bones  of  the 
land,  of  a  wire  wound  upon  a  bobbin,  of  a  set  of  weights  in 
i  box.  of  a  eomnass  card  and  needle  eomnletelv  inclosed  in 
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15.  1  have  sought  it »r  interference  effects  <»!  tin*  X  i.ivs, 
hut  possibly,  in  e<  msetpience  t  tl  t licit  mu. di  intcuMt  v.  without 
result. 

16.  Researches  to  investigate  whether  dcctrostatii  forces 
act  nu  the  X  rays  are  begun  hut  not  \ et  t  oududrd. 

17.  11  one  asks,  what  then  are  these  X  i.ns/  Since  they 
are  not  cathode  rays,  one  might  suppose,  hum  their  power 
of  exciting  fluoreseettee  ami  chemical  notion,  them  to  he  due 
to  ultra-violet  light.  In  npp< tsjtiun  to  this  \  irw  <1  weighty 
set  of  considerations  presents  itself,  U  X  lavs  he  indeed 
ultra-violet  light,  then  that  light  must  possess  the  Pillowing 
properties : 

(a)  It  is  not  refracted  in  passing  trout  ait  into  water,  car¬ 
bon  bisulphide,  aluminum,  nu  k  salt,  glass  ut  /iuc 

( h)  It  is  incapable  of  regular  reflection  at  the-  surfaces  of 
the  above  bodies, 

(c)  It  cannot  be  polari/ed  hv  any  ordinate  poi.tri/ing 
media. 

(d)  The  absorption  by  various  bodies  must  tlrprttd  clitrtlv 
on  their  density. 

That  is  to  say,  these  ultra-violet  rays  must  behave  tjuttr 
differently  from  the  visible,  infra-red  am!  hitherto  known 
ultra-violet  rays. 

These  things  appear  so  unlikely  that  I  have  sought  for 
another  hypothesis, 

A  kind  of  relationship  between  the  new  rays  and  light 
rays  appears  ter  exist  1  at  least  the  formation  of  shadows, 
fluorescence,  and  the  production  of  chemical  action  point  itt 
this  direction.  Now  it  has  been  known  for  a  long  time  that, 
besides  the  transverse  vibrations  which  account  for  the  phe 
nomena  of  light,  it  is  possible  that  longitudinal  vibration* 
should  exist  in  the  ether,  and,  according  to  the  view  of  some 
physicists,  must  exist.  It  is  granted  that  their  existence  has 
not  yet  been  made  dear,  and  their  properties  are  not  expert* 
mentally  demonstrated.  Should  not  the  new  rays  Ik*  ascribed 
to  longitudinal  waves  in  the  ether  ? 

I  must  confess  that  I  have  in  the  course  of  this  research 
made  myself  more  and  more  familiar  with  this  thought,  and 
venture  to  put  the  opinion  forward,  while  1  am  quite  con- 
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spintis  that  tlu'  hypothesis  advanced  still  requires  a  more 
solid  inundation. 

\  KAY  APPARATUS  AND  PI'S  MANIPULATION. 
llY  \V.  II.  MkaDoWI'KDKT. 

Assuming  that  one  has  decided  to  acquire  an  X  ray  out- 
tit,  a  choice  must  he  made  between  three  distinct  types  of 
exciting  apparatus  :  ( i  i  an  induction  coil  of  the  Rulunkorff 
type;  us  a  high  frequency  coil ;  or  (3)  a  static  machine. 
Tin’s  choice,  however,  is  necessarily  limited  by  the  kind  of 
electric  current  that  may  he  available  for  the  excitation  or 
operation  oi  the  apparatus. 

The  fortunate  individual  who  can  obtain  either  continu¬ 
ous  or  alternating  current  from  a  lighting  company  or  other 
source  may  really  make  a  choice.  He  could  excite  the 
Riihmkurfl  coil  it)  directly  by  the  continuous  current 
through  a  hank  of  lamps,  or  (2)  by  means  of  a  storage  bat¬ 
tery  charged  from  the  continuous  current  circuit,  or  (3)  by 
means  of  a  motor  generator  operated  by  the  same  current. 
If  he  preferred  the  high  frequency  set,  he  would  be  able  to 
operate  that  from  the  alternating  current.  Or,  if  his  prefer¬ 
ence  were  for  the  static  machine,  he  could  so  choose,  and 
revolve  the  plates  by  means  of  a  motor  actuated  by  either 
continuous  or  alternating  current. 

It  will  be  apparent,  therefore,  that  with  the  continuous 
current  available,  two  types  of  apparatus  may  be  used— the 
Ruhrnkorff  coil  or  static  machine.  The  alternating  current 
also  gives  a  choice  of  two  types,  namely,  the  high  frequency 
coil  or  the  static  machine. 

If  a  regular  lighting  current  is  not  available,  the  choice 
necessarily  lies  between  the  Ruhrnkorff  coil  and  static  ma¬ 
chine,  with  a  great  preponderance  in  favor  of  the  former, 
because  it  is  more  reliable  and  can  be  excited  by  a  few  cells 
of  primary  or  secondary  battery.  While  it  is  quite  true  that 
the  plates  of  a  static  machine  can  be  revolved  by  a  motor 
taking  its  current  from  a  battery,  this  is  quite  an  expensive 
and  troublesome  method  of  operation  and  practiced  only  to 
a  very  limited  extent.  There  are  some  cases  where  a  static 
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machine  is  revolved  by  hand,  but  these  are  extremely  rare, 
as  the  power  required  for  the  production  of  penetrating  X 
rays  of  high  efficiency  is  such  that  it  is  necessary  to  have  a 
very  strong  man  to  turn  the  crank. 

Should  the  reader  be  contemplating  the  acquisition  of  X 
ray  apparatus,  and  be  so  situated  that  he  is  unable  to  have 
access  to  either  a  continuous  or  an  alternating  electric  light 
circuit,  he  will  be  wise  to  purchase  a  coil  of  the  Ruhmkorff 
type  and  excite  it  with  primary  or  secondary  battery,  ac¬ 
cording  to  circumstances.  If  there  is  an  electric  plant  (con¬ 
tinuous  current)  within  a  reasonable  distance,  a  storage  bat¬ 
tery  in  portable  form  (which  can  be  carted  over  to  the 
electric  plant  to  be  recharged)  will  give  the  most  satisfac¬ 
tory  results,  with  the  least  trouble  and  expense.  If  this  is 
impracticable,  then  any  good  form  of  primary  battery  can 
be  used  with  success  ;  and  for  this  purpose  there  is  probably 
nothing  better  than  the  Edison-Lalande  cell,  with  its  large 
ampere  output  and  non-polarizing  qualities. 

It  will  be  seen,  therefore,  that  induction  coils  of  the 
Ruhmkorff  type  would  naturally  be  the  form  of  apparatus 
most  generally  used  for  the  excitation  of  Crookes  tubes  and 
the  production  of  the  X  rays.  Such  is  the  fact,  and  the  re¬ 
mainder  of  this  article  will  be  devoted  to  a  description  of  a 
typical  high-class  set  of  apparatus  of  that  kind,  together 
with  some  remarks  as  to  its  manipulation  to  produce  prac¬ 
tical  results. 

The  set  of  apparatus  which  has  been  used  daily  by  the 
writer  for  the  last  twenty-eight  months  is  shown  in  the 
illustration.  It  was  made  by  the  General  Electric  Com¬ 
pany,  and  consists  of — 

Thomson  inductorium  14  inch  spark, 

Condenser, 

Circuit  breaker, 

Rheostat, 

Reversing  switch, 

Crookes  tube, 

Adjustable  tube  stand, 

Fluoroscope. 

The  inductorium  is  a  modern  induction  coil  of  the 
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kuhmkorlT  type,  specially  designed  by  Prof.  Elihu  Thom¬ 
son  (or  the  purpose  of  giving  the  “  (at  ”  continuous  stream 
ol  sparks  so  desirable  (or  the  production  of  X  rays.  The 


3S2  EXPERIMENTAL  SCIENCE— APPENDIX. 

primary  coil  of  coarse  wire.  Surrounding  this  is  a  heavy 
insulating  tube  of  solid  mica.  The  secondary  coil  consists 
of  two  sections  wound  with  about  20  miles  of  No.  34  wire, 
well  insulated,  the  sections  being  separated  by  heavy,  solid 
mica  and  rubber  plates.  These  parts  are  assembled  and 
mounted  in  a  well  built  mahogany  box,  so  arranged  that  the 
coil  may  be  handled  and  transported  without  the  slightest 
danger  of  injury.  Although  the  coil  is  well  insulated 
throughout,  complete  insulation  is  insured  by  filling  the  box 
with  a  specially  prepared  oil.  The  discharge  terminals  are 
fitted  in  sockets  and  the  primaiy  terminals  lead  to  binding 
screws  on  the  outside  of  the  box. 


Fig.  150. 


Regulator.  Circuit  Breaker, 


The  condenser  is  separate  and  of  tlie  adjustable  type, 
with  a  capacity  of  about  5  microfarads.  The  contact 
breaker  is  also  a  separate  piece  of  apparatus  of  the  vibrating 
pattern,  providing  for  the  breaking  of  the  circuit  under 
water  and  thus  insuring  a  more  rapid  and  complete  break, 
with  a  correspondingly  increased  efficiency.  The  break  is 
caused  by  a  sudden  blow  struck  by  a  weight  vibrating  on 
the  end  of  a  flat  spring.  Interruption  of  the  current  takes 
place  under  water  and  at  two  points  simultaneously  ;  hence 
there  is  an  immediate  extinction  of  the  spark.  Renewal  of 
the  wearing  parts  and  of  the  water  can  be  made  very 
quickly.  Regulation  of  the  output  of  the  coil  is  effected  by 
means  of  the  small  rheostat  shown  in  the  illustration. 

Any  one  of  the  various  kinds  of  Crookes  tubes  may  be 
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used  with  this  apparatus,  but  the*  writer  has  Unuul  that  the 
pat  tern  slniwn  in  the  illustration  seems  to  be  best  adapted  to 
the  output  nt  the  eoil  above  described.  'Phis  tube  is  of  the 
NiiijA U*  locus  t\  pe,  that  is  to  sav.it  is  provided  with  two 
eleetrodes,  vi/...  a  eoneave  eathode  ol  aluminum  and  a  Hal 
platinum  anode,  or  target,  placed  at  an  angle  of  about  bo 
derives,  bhr  main  body  or  bulb  is  5  inches  in  diameter, 
and  the  terminals  are  carried  through  long  necks  to  a  dis- 
taiu  e  ot  IS  itu  hes  apart.  Attached  to  the  exhaust  tube  is 
an  auxiliaty,  vacuum-regulating  tube  containing  a  chemical 
mixture  into  which  is  sealed  a  platinum  wire  terminating  in  a 
loop  outside  the  lube.  The  use  of  this  auxiliary  tube  is  to  re¬ 
duce  the  \  acuum  when  it  has  risen  too  high  in  continued  use. 

In  all  tubes  exhausted  to  a  ( Yookes  decree  of  vacuum, 
u  Inch  is  estimated  to  be  about  one-millionth  of  an  atmo- 
spltet e.  there  t eniaius  in  the*  tube  a  very  small  residuum 
o!  -ait  molecules.  At  t his  stage  oi  vueuum  these  air  mole- 
(  til*  .  an m  a  path  lot  an  eleet tie  discharge  to  pass,  and  the 
tube  will  be  an  abundant  sourer  ol  X  t ays  muler  proper  ex- 
t  nation.  When  t be  tube  is  exrited,  the  platinum  target 
bet  onus  iiiurr  nt  less  heated  and  throws  off  minute  part  teles 
w  hit  h  ilv  to  the  sides  ol  the  glass  bulb,  thus  causing;  the 
blackening  seen  on  a  much  used  ( Tookes  tube.  Now,  pla¬ 
tinum,  tiii  t  ot  fling,  has  the  property  of  occluding  (or  locking 
ttpi  sun oundtng  molecules  ol  air  or  gas;  hence,  when  the 
operator  reuses  exciting  a  tube,  there  will  be  a  cooling  of  all 
parts  and  the  occlusion  of  some  part  ol  the  residual  air  in 
the  tube,  not  only  l»v  the  platinum  target,  but  also  by  the 
tiny  partit  les  projected  to  the  inside  of  the  glass  bulb.  It 
lints  follows  that,  with  continued  use,  the  residual  air  organ 
in  the  tube  will  gradually  become*  less  and  less.  The  result 
is  that  the  vac  uum  continually  rises  until  the  tube  has  be¬ 
come  so  high  that  the  electric  discharge  will  not  pass 
through  it,  and,  t  onsecpiently,  the  tube  is  no  longer  a  source 
ol  X  ravs.  It  can  be  temporarily  restored  to  a  lower  de¬ 
gree  of  vacuum  by  heating  and  releasing  the  occluded  gases, 
but  lids  is  only  a  temporary  expedient.  The  auxiliary  ad¬ 
justing  tube  above  mentioned  comes  into  play  when  the 
vacuum  has  favorite  too  high.  The  negative  terminal  of 
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the  coil  is  then  «  hanged  1 1 .  en  t  h<  «.  .a n  *»  i«-  eud  »*j  thr  tube 
and  connected  to  !  he  plat  mum  n  :?  *■  C  »  nnitai  *  4  tin  au\biai  \ 
t ul n*  and  run  eut  finned  mu.  I  Iso.  dr,  .itup.ra--,  I  hr  t  In  tun  al 
substance  and  disengages  v  ap»  u  w  an  h  g< list® *  flu*  mam 
bulb,  and  tints  reduces  thr  t,u  titwi  f*>  a  p.  nut  ,ii  u  hi.  h  X 
ra\'s  tuav  again  Sh*  pi * »du»  **d  ti  the  t  * *unr*  ti«*n  with  t hr 
cathode  be  rcstoicd. 

Fht;  remaining  item  » >S  appat  .tin*..  * h<  the  u « *s,  . ipr,  j-»  yet 
to  be  described,  Thr  puirh  mn  ham*  d  p.o  t  »  xura-.ts  «»i  ,t 
tapering  bos,  painted  «»i  stained  a  dr. id  1*1, u  k  instdr,  ami 
provided  wit  It  a  patent  leathci  h>***d  edged  u  at  It  %<•!!,  bl.u  k 
trimming  and  shape*  I  t  *  *  tit  *«v  r  s  ii?r  r  \  r  *,  t « *  *•%&  ludr  light, 
A  handle  is  fitted  lot  iMtnrmriu  r  in  holding.  I  hr  m  seen, 
or  operative  part,  is  fastened  mi  at  fin-  !»**  *ad  nul,  and  iis.iv 
consist  of  cardboard  *»r  aluminum  I  bat  pat f  ««s  flu*,  sitrrti 
that  is  ittsitle  the  bos  is  coated  with  iitsfah  *  a  latlirt  tab 
citmt  tungstate  or  platino «  \  amdr  of  h.u  mm,  '.n  ut  rd  in 
place  with  laetjurt  **i  uthet  .nlhrau-  tn.itrit,i!  t'alitinsi 
tungstate  was  almost  evclusneh  tiv»l  f*u  al  mg  time  nc< 
count  of  its  comparatn e  thcapnrv*,  but  at  tins  date  platim*. 
cyanide  of  hariutu  is  pi  at  In  a!h  tii  tstinn  ■ail  uvr  Although 
this  latter  salt  is  very  cypmsiv  r ,  it  Stas  a«li  autagrs  **ver  rah 
ciunt  tungstate  that  nunc  than  t  oiuprinatr  l«*i  the  lusher 
cost,  ft  fluoresces  more  In tfhautU ,  gn  *' -»  mu*  it  «  Ir.tirf 
definition  of  objects  examined,  d<*rs  u*a  retain  an  image  «»f 
the  object  previously  examined  when  fit*'  ilm *i . «si  « *pr  is 
moved  to  another  spot,  ami  instantly  1* *srs  i|%  r*»*  riser 

upon  cessation  of  X  ra\  x. 

1  he  set  of  appat a  tux  tUuxtr  afed  e*  *»iu»»n  a •*  t»-tu^  •  »prr 
atecl  by  a  motor  generator ,  taking  its*  a«  i  <mt  ii . an  1 hr  ugic 
far  no  volt  continuous  turrent  *  o«.  mt  I  lie.  pin  r  of  ap¬ 
paratus  is  the  most  convenient  and  h  axf  tombfc some  source 
of  current  where  a  continuous  i  n «  mi  is  av  ababSr  lire 
cetves  current  at  from  t»*  i.:.»  oilt'i  and  i  |  amperes  at 
the  motor  end,  and  deltveix  ft  out  thr  grnriat*n  tri  mmalH 
current  at  b  volts  and  14  aiiipnrs 

A  few  hours’  careful  study  *4  il$r  ifrtaiis  «*i  mantpuhe 
tion  will  enable  an  tntefligrnt  opnator  t<«  obiam  g«*od 
results  from  any  set  of  well  made  apparatus  lt\  flir  ever. 
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cisc  c > £  intelligence,  forethought  and  patience,  one  may  suc¬ 
ceed,  with  a  set  of  good  apparatus,  in  producing  as  line 
X  ray  work  as  can  be  done  in  the  present  state  of  our 
knowledge  of  this  interesting  subject. 

The  coil  is  first  tested,  to  see  if  it  is  in  proper  condi¬ 
tion,  by  turning  current  into  the  motor  generator,  and 
thence  to  the  coil.  If  the  latter  is  in  good  working  order,  a 
stream  of  sparks  will  pass  between  the  terminals.  Current 
may  then  be  switched  off  and  the  Crookes  tube  adjusted  in 
the  tube  stand  in  the  proper  position  for  taking  the  picture 
(as  will  be  explained  later),  and  connections  made  between 
it  and  the  discharge  stands  on  top  of  the  coil  by  means  of 
fine  wire.  All  the  resistance  of  the  rheostat  is  thrown  in  to 
reduce  the  sparking  output  of  the  coil  to  its  lowest  point, 
and  then  current  is  once  more  turned  on  for  the  purpose  of 
testing^  the  tube.  If  that  is  all  right,  current  is  turned  off 
and  the  sensitized  plate  (wrapped  in  black  paper  or  held  in 
a  plate  holder)  is  brought  in  and  placed  on  the  table  or  in 
the  position  best  adapted  for  making  the  picture. 

Assuming  for  the  moment  that  it  is  an  arm  of  which  a 
picture  is  desired,  the  plate  is  placed  on  the  table  (film  side 
up),  and  the  patient’s  arm  on  top  of  it.  The  Crookes  tube, 
in  its  holder,  is  then  placed  immediately  over  it,  and  from 
12  to  24  inches  above  it,  care  being  taken  that,  the  center  of 
the  platinum  target,  in  the  tube  is  as  nearly  as  possible  in  a 
plumb  line  with  that  part,  of  the  arm  to  be  radiographed. 
The  current  is  now  turned  cm  again  and  resistance  graclie 
ally  thrown  out.  If  the  tube  is  giving  out  an  abundance  of 
X  rays,  an  exposure  of  two  or  three  minutes  ought  to  be 
ample  for  a  picture  of  this  kind.  At  the  termination  of  this 
time,  current  is  turned  off,  and  the  plate  developed  in  the 
dark  room  in  the  usual  manner. 

The  above  is  a  general  outline  of  the  method  of  proce 
dure  in  taking  an  X  ray  picture,  or  radiograph,  as  it  is  fre¬ 
quently  termed.  Variations  from  this  method  are  necessi¬ 
tated  only  by  the  condition  of  the  apparatus  and  the  kind  of 
picture  to  be  taken. 

As  a  general  rule,  a  first-class  set  of  exciting  apparatus 

and  accessories  will  seldom  get  out  of  order  if  properly  used 


and  cared  for.  It  would  he  impossible  within  the  limits  ol 
this  article  to  enumerate  what  may  have  happened  after  it 
has  been  found,  upon  preliminary  test,  that  the  apparatus 
does  not  work  well.  Generally  this  can  be  ascertained  by 
a  earelul  examination.  The  most  frequent  trouble  that  will 
be  hmnd  hi  a  ease  like  this,  if  the  set.  is  operated  by  batteries, 
will  be  that  one  or  more  cells  of  (he  battery  will  have  be¬ 
come  disconnected,  or  have  bad  connections,  or  may  have 
run  down,  in  either  of  which  cases  the  proper  remedy  can 
be  applied. 

The  trouble  that  most  frequently  arises  is  in  the  Crookes 
tube  itsell.  I  his  part  of  the  apparatus,  as  will  be  quite 
obvious,  is  the  most  important  item  of  all,  and  at  the  same 
time  the  most  fragile  and  uncertain.  Manufacturers  of 
Crookes  tubes  undoubtedly  exercise  the  utmost,  care  in 
making-  them,  but  the  limitations  of  the  tubes  themselves 
.are  so  narrow  -  no  matter  how  well  and  carefully  they  may 
be  made- that  they  must  he  carefully  handled  and  used  to 
preserve  their  usefulness  for  any  great  length  of  time.  The 
writer  lias  had  tubes  that  have  stood  continued  use  for  from 
six  to  twelve  months,  and  similar  cases  are  quite  numerous, 
but  this  is  not  always  the  ease.  In  the  practice  of  the  aver¬ 
age  physician  or  surgeon,  a  tube  ought  to  give  good  service 
for  many  months  if  it  is  carefully  used.  A  Crookes  tube 
should  not  be  regarded  as  a  plaything,  nor  does  its  structure 
warrant  it  in  being  used  carelessly.  It  is  fragile  at  the  best, 
and  should  be  treated  with  that  idea  in  mind. 

In  the  ordinary  use  of  a  Crookes  tube  for  taking  radio¬ 
graphs  or  making  fluoroscopic  examinations,  the  natural 
tendency  of  the  tube  is  to  gradually  rise  in  vacuum.  If  it 
has  an  attachment  for  regulating  the  vacuum,  as  above  de¬ 
scribed,  there  should  be  but  little  trouble  on  this  account; 

huf.  if  not  thn  otd v  manurer*  is  to  hunt  it  vv linn  thf*  vnruiim 


has  risen  too  high,  and  to  repeat  this  treatment  as  often  as 
the  tube  will  respond  to  it.  When  it  cannot  be  restored  to 

t  •  i  * .  «  i  ,i«  *  t  *111  i  t 
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the  tube  has  a  high  vacuum,  the  turning  «m  u!  the  lull  cur¬ 
rent  at  once  is  apt  to  cause  puncture,  but  bv  stalling  at  the 
least  current,  and  gradually  throwing  out  resistatu  e  as  the 
tube  warms  up,  the  maximum  results  may  be  obtained  ;  as  a 
tube  that  is  high  in  vacuum  will,  when  tune  got  into  nor. 
mal  operation,  give  the  most  penetrating  and  powerful  X 
rays.  A  tube  of  low  vacuum  does  not  give  as  penetrating 
rays,  and  should  only  be  used  for  very  simple  eases,  such  as 
hands.  A  tube  of  about  normal  vacuum,  that  is  to  sav,  a 
tube  that  is  easily  excited,  fluoresces  st rough ,  and  gives  an 
abundance  of  X  rays,  may  be  used  tor  almost  any  hind  *»! 
radiograph.  With  a  tube  of  this  kind  operated  on  a  t  oil 
giving  from  8  to  u  iueh  sparks,  a  hand  should  In*  taken  in 
about  one  minute,  an  arm  in  from  two  to  three  minutes,  the 
lower  part  of  the  leg  or  foot  in  about  lout  minutes,  and  the 
thigh  in  ftom  five  to  six  minutes.  For  an  exposure  through 
the  upper  part  of  the  body,  about  ten  minutes  should  be  ah 
lowed,  and  through  the  lower  part  of  the  trunk  fi**m  fifteen 
to  twenty  minutes  A  radiograph  *»(  the  peU  is  is  one  »{ the 
most  difficult  to  make  suecesstulh ,  and  from  twenty  to 
twenty-live  minutes  is  usually  required  for  a  good  pit  lure. 
Many  pictures  of  the  above  parts  of  the  tw»df  have  been 
taken  in  much  less  time  than  given  al«»\e,  Suit  in  sm  fi  t  uses 
it  is  only  where  the  tube  has  I  teen  in  ext  epttumdlv  line  tun- 
cliticm  and  working  to  the  utmost  advantage,  flu-  distance 
of  the  tube  from  the  body,  esperrallv  in  an  exposure  of  ti%r 
minutes  and  upward,  should  never  hr  less  than  t*  rm  firs 
and  preferably  iH  to  24  inches,  II  the  tube  t%  ton  n«\u  the 
object  radiographed,  there  will  be  less  stiuipurssnl  defini¬ 
tion  and  more  danger  of  injury  to  the  skin  than  u  lim  the 
tube  is  further  away,  The  times  for  exposure  j  11  %t  rmiinrt 
ated  are  for  a  person  of  average  si/e.  With  stout  people, 
the  time  should  be  increased  about  to  to  *u  pn  cent. 

In  practice,  the  writer  uses  a  spar  k  gap  in  sniex  with  the 
tube.  Preferably  this  spark  gap  is  at  the  positive  dis*  li.tt gr 
terminal  of  the  machine.  The  wire  leading  from  the cathmle 
terminal  of  the  tube  to  the  negative  terminal  of  flirt  oil  is 
connected  directly,  without  break.  The  terminal  from  the 
anode  (the  platinum  target  end}  of  the  tube  h  connected  by 
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wire  to  a  movable  stand  winch  may  be  so  adjusted  as  to 
make  direct  or  broken  connection  with  the  positive  terminal 
of  the  coil. 

In  operating  the  tube  this  spark  gap  is  varied  from,  say 
one-quarter  of  an  inch  to  one  inch,  so  that,  the  spark  will 
jump  from  the  positive  terminal  of  the  coil  to  t he  adjustable 
stand  and  the  discharge  will  pass  along- the  win1  and  through 
the  tube,  'l'his  is  intended  to  overcome  to  some  extent,  the 
oscillatory  nature  of  the  discharge  from  the  coil,  and  tends 
to  produce  a  steady  fluorescence  in  the  tube.  The  introduc¬ 
tion  of  this  spark  gap  also  tends  to  keep  down,  to  a  great 
extent,  the  heating  up  of  the  platinum  target  under  the  bom¬ 
bardment  of  t he  cathode  rays.  The  writer  has  found  in 
practice  that  the  use  of  this  spark  gap  will  frequently  make 
the  difference  between  the  imperfect  and  perfect  working 
of  a  Crookes  tube.  In  this  connection,  it  may  be  noted  for 
the  benefit  of  those  who  are  not  already  familiar  with  the 
fact  that  the  negative  terminal  of  the  coil  may  always  be 
ascertained  by  observing  the  spark.  It  will  be  noted  that 
the  spark  is  thicker  at  one  discharge  terminal  than  the  other, 
and  this  will  be  found  to  be  the  negative  discharge  terminal 
ol  the  coil. 

In  placing  the  tube  in  position  lor  taking  a  radiograph, 
it  is  not  necessary  that  the  platinum  target  shall  be  parallel 
with  the  object  of  which  a  picture  is  to  be  made,  so  long  as 
the  tube  is  so  placed  that  the  face  of  the  platinum  target:  is 
opposite  to  the  object,  and  the  center  of  the  target  is  about 
in  line  with  that  part  of  the  object  which  is  most  desired  to 
be  taken. 

If  desired,  the  tube  may  be  inclined  slightly  downward, 
so  that  the  target  is  almost  parallel  to  the  object.  The 
radiographing  ol  various  parts  of  the  human  body  gives  op¬ 
portunity  for  the  exercise  of  considerable  ingenuity  to  get 
the  best  results.  The  first  requisite  is  that  the  part  to  be 
radiographed  shall  be  as  near  as  possible  to  the  sensitized 
plate,  and  that  the  picture  shall  be  taken  "  square  on"  and 
not  from  a  side  or  diagonal  view.  In  taking  a  hand,  or  the 
lower  portion  of  the  arm,  or  through  the  foot,  if  is  not 
necessary  for  the  patient  to  be  in  a  reclining  position,  but 
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for  all  other  pictures  it  is  advisable  that  the  in  lining  push 
tion  be  assumed  tn  insure  t he  greatest  possible  steadiness  of 
the  object.  Very  little  motion  disturbs  and  ditluscs  the  out- 
lines  and  lessens  the  value  ol  the  picture.  It  is  in  alt  cases 
desirable  to  use  sensitized  plates  wrapped  itt  black  and 
orange  paper,  rather  t hurt  to  put  them  in  plate  holders. 
Sensitized  plates,  already  wrapped,  ate  noli!  In  photographic 
supply  dealers.  Plates  so  wrapped  can  be  brought  into 
closer  contact  with  the  patient  and  enable  the-  opnatoi  to 
make  a  much  clearer  picture  than  would  otherwise  be  pro, 
cl  need.  An  object  placed  at  a  distance  o!  quarter  ot  an  inch 
from  the  plate  will  be  much  enlarged,  and  this  enlargement 
will  be  still  further  magnified  ami  the  outlines  u  ill  be. less, 
distinct  the  further  it  is  away  from  the  plate. 

It  is  scarcely  necessary  to  add  that  white  the  ability  to 
make  fluoroscopic  examinations  of  fractures,  dislocations, 
foreign  objects,  etc.,  is  of  great  benefit  and  t  onvenirm  e  to 
the  practitioner,  it  is  scarcely  advisable  to  perform  an  oprr 
ation  without  making  a  radiograph.  A  pit  turn  ot  this  kind 
is  cumulative  and  will  show  conditions  w  hit  h  cannot  be  per 
ceived  by  the  eye.  In  eases  where  needles  *»i  other  metallic 
objects  have  entered  the  body,  it  is  desirable  to  per  bn  m  the 
operation  as  soon  as  possible  after  the  radiograph  has  been 
taken,  as  such  objects  wilt  frequently  move  withm  24  bouts. 
The  writer  has  had  several  eases  in  which  needles,  particles 
of  steed,  and  in  one  case  a  jj-ealibrr  bullet,  were  show u  to 
have  moved  their  positions  by  a  second  radiograph  made 
within  24  hours 

Fig,  152  shows  a  fluorometer  for  casting  on  the  iluurrv 
cent  screen  a  shadow  of  a  rod  together  with  flu*  object 
being  examined,  and  a  grating,  to  mure  accurately  locate 
the  points  in  question. 

There  are  many  other  details  of  manipulation  that  go  to 
make  up  the  successful  operation  ot  a  set  of  X  ray  apparatus, 
but  it  is  scarcely  possible  to  go  into  them  at  length  tn  this 
article.  Most  of  them  will  naturally  orntr  to  the  opnaior 
in  the  course  of  his  use  of  the  apparatus.  Such  as  are  given 
above  may  be  found  to  be  useful  to  those  who  are  comments 
ing  or  who  have  not  yet  had  sufficient  exjreriem  e  to  t  all 
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Notwithstanding1  the  fact;  that  much  of  the  music  p  in¬ 
duced  by  chimes  is  rendered  with  discords  and  a  clangor 
little  less  than  barbarous,  most  people  like  this  soil  ot  music 
and  are  ever  ready  to  listen  to  it.  Possibly  one  reason  lor 
tins  is  that  this  music  is  not  so  common  as  other  kinds ; 
another  is  that  there  is  a  kind  of  unwritten  poetry  about 
bells  that,  appeals  to  everybody. 

Tower  chimes  are  for  the  public,  and  rich  and  poor  alike 
can  enjoy  them,  but  smaller  chimes  are  mainly  for  those 
who  are  able  to  purchase  them;  in  fact,  they  may  be  classed 
among  luxuries.  1  Iowever,  house  cloek  ehimes  bring  bell 
music  out  of  the  list  of  the  extraordinary  and  place  it  within 
the  range  of  every-day  home'  life.  There 
Fig.  i53'  is  no  reason  why  any  one  with  a  median- 

'  ical  turn  of  mind  cannot  construct  a  chime 

(  A.  '  ,  without  much  expense.  All  that  is  needed 

'  is  a  lathe,  a  few  tools  and  eight  or  ten 

\  xjggk  ordinary  hand  hells.  The  hells  are  to  be 

1  tuned  so  that  when  struck  they  will  yield 

* - the  notes  of  the  diatonic  scale,  'riming  is  a 

^  \  comparatively  simple  matter.  If  the  work¬ 

man  does  not  happen  to  have  a  musical 
ear,  he  can  procure  the  assistance  of  some  one  who  has. 

A  fine  bell  made  of  genuine  bell  metal  is  one  thing,  and 
the  ordinary  hand  bell  sold  at  the  hardware  and  house  fur- 
nishing  goods  stores  is  quite  another  thing;  still  the  latter 
affords  the  most  available  material  for  a  chime,  and  withal 
answers  a  very  good  purpose. 

The  writer  had  the  good  fortune  to  find  a  dealer  who 
was  kind  enough  to  allow  him  to  select  from  a  large  number 
eight  bells  having  approximately  the  req 
octave,  and  two  additional  bells,  one  abi 
below  the  octave.  These  bells  first  of  al 
to  render  them  useful  in  a  chime.  This 
operation  mechanically,  requires  some  si 
the  pitch,  as  an  ordinary  bell  generally  j 
discordant  notes. 
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The  bell  to  be  tuned  is  chucked  on  the  lathe  by  means, 
of  a  concave  wooden  chuck  secured  to  the  face  plate.  If 
the  lathe  has  a  hollow  mandrel,  the  bell  may  be  held  in 
place  by  a  long  bolt  extending  through  the  bell  and  lathe 
mandrel.  After  the  bell  is  centered,  so  that  its  rim  runs 
true,  a  block  is  fitted  to  it  at  a  point  within  the  thicker 
portion  of  the  rim  and  held  in  place  by  the  tail  stock  of  the 
lathe.  This  prevents  vibration  and  the  chattering  of  the 
tool ;  an  ordinary  hand  brass-turning  tool  is  used.  If  the 
pitch  of  the  bell  is  too  high,  and  it  is  required  to  lower  it,, 
the  thick  part  of  the  rim  is  turned  off  on  the  line,  a ,  as. 
shown  in  Fig.  153  If,  on  the  other  hand,  the  pitch  is  too  low, 
it  is  raised  by  turning  off  the  edge  of  the  rim  on  the  line,  A 
Whenever  it  is  desired  to  test  the  note  of  the  bell,  the  block 
is  removed  and  the  bell  is  struck  with  a  small  wooden  mal¬ 
let.  The  note  can  be  compared  with  that  of  a  piano  or 
other  musical  instrument,  or  the  proper  pitch  can  be  ar¬ 
rived  at  by  comparing  the  bells  with  each  other.  It  is. 
scarcely  practicable  to  tune  the  chime  to  any  particular  key 
unless  the  majority  of  the  bells  are  near  the  required  pitch 
at  the  start. 

After  the  bells  are  tuned  they  are  each  provided  with  an 
electric  bell  hammer,  as  shown  in  the  first  bell  of  the  series- 
in  the  upper  part  of  Fig.  154  As  this  bell  hammer  is  almost 
identical  with  that  of  an  electric  bell  of  comparatively  re¬ 
cent  invention,  the  writer  in  justice  to  himself  must  say  that 
this  electric  bell  was  devised  by  him  long  before  the  bell 
alluded  to  was  known  to  the  public. 

The  magnet  core  is  reduced  in  diameter  at  its  upper  end 
and  extends  through  the  aperture  at  the  top  of  the  bell  and 
is  threaded  to  receive  two  nuts,  between  which  a  wire  is- 
clamped.  These  wires  from  the  several  bells  are  connected 
with  the  contact  springs  or  keys  of  the  current-controlling- 
mechanism  shown  at  the  center  of  Fig.  154  The  core  is. 
insulated  from  the  bell,  and  between  the  lower  nut  and  the 
bell  is  clamped  a  yoke  or  loop  which  is  in  electrical  contact 
with  the  bell,  but  insulated  from  the  core.  On  the  core  is. 
placed  a  bobbin  wound  with  No.  24  wire.  To  the  lower  end 
of  core  is  attached  a  pole  extension,  which  reaches  beyond 
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the  periphery  of  the  bobbin  and  is  provided  with  a  short 
copper  stud  to  prevent  the  sticking-  of  the  armature.  To 
the  core  above  the  bobbin  is  pivoted  the  armature,  which 
extends  downward  over  the  side  of  the  bobbin  to  a  point 
opposite  the  pole  extension.  The  armature  is  prolonged 
beyond  its  pivot  and  drilled  to  receive  the  hammer  wire, 
which  extends  downwardly  toward  the  mouth  of  the  bell 
and  carries  a  hollow  metal  hammer  containing  a  wooden 
plug.  The  hammer  is  arranged  to  strike  on  the  thicker 
portion  of  the  bell  rim.  One  terminal  of  the  bobbin  is  con¬ 
nected  with  the  magnet  core,  the  other  with  the  bell;  each 
bell  is  supported  by  a  bracket,  the  end  of  which  enters  the 
yoke  or  loop. 

The  brackets  are  connected  electrically  and  communl 
cate  through  a  wire  with  one  pole  of  the  battery,  the  other 
pole  of  which  is  connected  with  a  spring  which  presses  on 
the  shaft  of  the  metallic  drum  of  the  current-distributing 
machine.  The  springs  before  alluded  to  press  on  tile  cylin¬ 
der  through  perforations  in  a  strip  of  paper  on  which  is 
arranged  the  music  to  be  played.  The  springs  are  attached 
to  a  bar  which  may  be  turned  back  so  as  to  remove  the 
springs  from  the  paper  strip  and  the  drum  to  facilitate  the 
introduction  of  a  new  paper  strip.  Above  the  drum  is 
placed  a  wooden  roller,  the  gudgeons  of  which  are  pressed 
downward  by  springs— the  roller  being  designed  to  insure 
sufficient  friction  of  the  paper  to  carry  it  with  a  positive 
motion  through  the  machine.  A  worm  wheel  secured  to  the 
shaft  of  the  metal  drum  is  driven  by  a  worm  on  *  a  shaft 
extending  at  right  angles  to  the  drum  and  carrying  a  spur 
wheel  which  receives  its  motion  from  a  pinion  on  the  shaft 
of  the  electric-  motor.* 

When  the  electric  chime  is  connected  with  a  clock,  as 
shown  in  Fig.  155  it  is  necessary  to  provide  a  very  long  per¬ 
forated  paper  strip  or  to  employ  a  perforated  endless  paper 
belt,  and  to  provide  means  for  starting  the  motor  at  the 
proper  time  and  stopping  it  when  the  piece  is  finished.  The 
mechanism  for  doing  this  is  shown  diagrammatically  in  Fig. 

*  Any  electric  motor  will  answer.  This  particular  one  is  described  in 
detail  in  Scientific  American  Supplement,  No.  783. 
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15L  In  this  case  the  let-off  mechanism  is  arranged  to  operate 
every  half  hour,  but,  of  course,  it  could  be  made  so  as  to 
operate  every  quarter  hour. 

On  the  minute  hand  arbor  are  secured  two  cams,  a ,  and 
to  the  frame  of  the  clock  is  secured  the  spring  arm,  B,  fur¬ 
nished  with  a  triangular  arm  projecting  into  the  patli  of 
the  cams,  The  free  end  of  the  spring  arm  carries  a  weight. 
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The  contact  screw,  C,  is  connected  with  one  pole  of  the 
battery,  and  the  remaining  pole  is  connected  with  one  term¬ 
inal  of  the  magnet,  D,  the  other  terminal  being  connected 
with  the  spring  arm,  B.  The  contact  screw,  E,  is  connected 
with  the  battery  in  parallel  with  the  magnet,  D,  and  a  wire 
running  from  the  battery  is  connected  in  parallel  with  the 
wire  leading  to  the  contact  screw,  C.  This  wire  connects 
with  the  motor,  F,  which  drives  the  paper-carrying  drum, 
and  also  with  the  auxiliary  contact  spring,  c.  The  paper 
strip  has  a  single  perforation, /,  located  at  the  end  of  the 
piece  of  music,  through  which  the  spring,  c,  may  touch  the 
cylinder.  The  armature  lever,  d,  is  pivoted  midway  be¬ 
tween  the  magnets,  H  D,  and  it  is  held  in  either  of  the  two 
positions  it  may  assume  by  the  double-acting  spring,  e. 

When  one  of  the  cams,  a,  raises  the  spring  arm,  B,  and 
allows  it  to  fall,  the  current  from  the  battery  is  momentarily 
sent  through  the  magnet,  D,  thereby  drawing  over  the 
armature,  b,  and  bringing  the  contact  spring  carried  by  the 
armature  lever  into  contact  with  the  screw,  e\  and  although 
the  magnet,  D,  ceases  to  act  when  this  is  done,  the  spring 
remains  in  contact  with  the  screw  and  the  current  flows 
from  the  battery  to  the  screw,  E,  thence  through  the  arma¬ 
ture  lever  to  the  motor,  F,  and  from  the  motor  back  to  the 
battery.  This  starts  the  motor  of  the  current-distributing 
mechanism,  and  the  current  is  sent  to  the  one  or  the  other 
of  the  bells,  according  to  the  position  of  the  holes  in  the 
paper  strip. 

When  the  end  of  the  piece  is  reached,  the  spring,  c , 
forms  an  electrical  contact  with  the  metallic  drum  through 
the  hole,  f  in  the  paper  strip,  Gr.  The  current  from  the 
battery  then  flows  through  the  screw,  E,  and  armature 
lever,  d ,  to  the  magnet,  H  (whose  resistance  is  somewhat 
less  than  that  of  the  motor),  thence  through  the  metallic 
drum  back  to  the  battery.  The  armature,  b>  is  thus  drawn 
over  to  the  magnet,  H,  and  the  circuit  is  broken  when  the 
motor  stops,  but  all  the  parts  are  ready  for  another  opera¬ 
tion  and  the  circuit  of  the  battery  is  left  open. 

The  contact  springs  are  %  inch  apart  from  center  to  cen¬ 
ter,  consequently  the  longitudinal  lines  on  the  paper  on 
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which  th.o  holes  arc  punched  must  he  '4  inch  apart.  Tiie 
transverse  or  time  divisions  may  be  l4  inch  or  more  apart. 
The  distance  will  depend  on  the  speed  of  the  motor  and  the 
character  of  the  music.  In  the  example  shown  in  Fig.  157 
the  transverse  lines  are  *4  inch  apart ;  the  music  being  com- 


Fia  157. 


Tim  Mumc. 

posed  entirely  of  quarter  notes  permits  of  this  arrange¬ 
ment.  'This  example  shows  the  beginning  and  the  end  of 
the  tune  Vespers.  The  holes  represent  the  position  of  the 
notes  on  the  staff,  ft  is  a  very  simple  matter  to  transfer 
any  piece  of  music  to  a  strip  of  paper  ruled  in  the  manner 
indicated,  it  being  only  necessary  to  remember  that  on  the 
position  of  the  note  in  the  scale  depends  the  location  of  the 
hole  cm  the  transverse  line,  while  the  relative  positions  of 
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This  music  can  be  readily  transferred  to  a  strip  of  paper 
like  that  described.  It  is  necessary  to  bear  in  mind  that  if, 
on  paper  divided  as  shown,  one  space  represents  the  dura¬ 
tion  of  a  quarter  note,  two  spaces  would  represent  a  half 
note,  and  four  spaces  a  whole  note. 

THE  STUDY  OF  THE  STARS. 

During  the  beautiful  autumnal  evenings  few  persons 
can  look  up  into  the  starry  dome  of  heaven  without  long- 


Fig.  158. 


The  Luminous  Star  Board. 


ing  for  a  better  acquaintance  with  the  glowing  orbs  whose 
radiance  meets  the  view  in  every  direction.  If  one 
turns  to  the  star  maps  and  books  of  astronomy,  there  will 
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be  found  clearly  laid  down  the  history,  names,  colors, 
magnitudes  and  positions  of  all  the  principal  celestial 
bodies.  Hut  when,  after  studying  the  map,  he  goes  out  of 
doors,  thinking  to  carry  the  chart  in  his  mind,  and  easily 
to  locate  and  recognize  individual  members  of  the  glitter¬ 
ing  host,  he  is  sadly  disappointed.  To  his  untrained  eye 
the  glorious  stars  appear  the  same  as  before,  all  mixed  in 
inextricable  confusion ;  and  for  him  the  map  is  of  little  value. 
Discouraged  with  the  result  of  this  first  effort,  the  majority 
of  people  abandon  the  matter  and  go  through  life  without 
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One  form  is  as  follows :  I  provide  a  sheet  of  card¬ 
board,  say  two  feet  square,  one  side  of  which  is  covered 
with  what  is  known  as  luminous  paint.  This  remark¬ 
able  substance  has  the  quality  of  storing  up  the  sunlight, 
and  gradually  delivering  the  same  in  the  darkness.  The 
paint  is  a  chemical  combination,  chiefly  of  lime  and 
sulphur.  This  luminous  sheet  I  pin  upon  a  light  wooden 
board.  I  also  cut  out  of  common  cardboard  a  few  small 
.stars  of  different  sizes,  to  represent  stars  of  the  first,  second, 
third  and  fourth  magnitudes,  and  provide  each  star  with  a 
central  pin. 

In  use  the  luminous  board  is  held  as  shown  in  the  engrav- 


Fig.  160. 


Luminous  Stars. 


ing,  and  on  it  are  placed  the  paper  stars.  The  holder  of  the 
board  glances  upward  at  the  sky,  notes  the  position  of  the 
stars,  and  then  arranges  their  counterparts  upon  the 
luminous  board,  the  glowing  purple  light  of  which,  even 
in  the  darkest  night,  enables  him  to  do  this  with  the  utmost 
satisfaction.  The  movable  stars  being  thus  arranged 
and  fastened  upon  the  board,  it  is  taken  indoors  and  com¬ 
pared  with  the  map  or  chart,  whereby  the  selected  group  is 
instantly  recognized  and  named. 

.  In  this  simple  way  the  forms,  positions,  and  component 
stars  of  all  the  principal  constellations  may  quickly  be 
learned  by  any  person  without  a  teacher ;  and  the  study, 
while  it  instructs  and  impresses  the  mind,  is,  in  the  highest 
degree,  fascinating. 
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A  still  simpler  device,  but  in  the  same  line,  is  to  cut  the 
form  of  the  stars  out  of  the  luminous  cardboard,  and  then 
arrange  and  pin  them  as  before  described  upon  the  surface 
of  a  wooden  board,  say  two  feet:  square,  painted  dead 
black.  In  this  case  the  movable  stars  will  appear  luminous 
on  the  board,  even  in  the  darkest  night.  This  is  illustrated 
in  Fig.  1 59  Instead  of  using  ordinary  pins,  wire  round 
staples  bent  up  as  shown  in  Fig.  160  will  be  found  con¬ 
venient  ;  these  are  easily  lingered  and  quickly  placed  as 
desired. 

A  light,  convenient,  non-warping  star  board  may  be  made 
by  gluing  together,  crosswise,  three  sheets  of  pine  wood 
veneers.  It  is  needless  to  occupy  space  in  describing  all 
the  uses  of  this  device  for  promoting  the  first  lessons  in 
star  study.  Suffice  it  to  say  that  with  the  contrivance  in 
hand,  together  with  star  maps,  such  as  those  that  were  pre¬ 
pared  for  the  Scientific  American  by  the  late  Richard  A. 
Proctor,  any  person  may  soon  become  an  intelligent  student 
of  the  skies  ;  and  the  preliminary  knowledge  thus  gained 
may  be  supplemented  by  reading  other  astronomical  books. 
— A.  li.  ficac/i,  in  Scientific  American. 

HOW  TO  COLOR  LANTERN  SLIDES. 

Nothing  is  more  interesting  and  satisfactory  to  the 
amateur  photographer  than  to  place  upon  the  screen,  by 
means  of  a  good  lantern,  the  results  of  the  summer's  work; 
aud,  while  it  may  be  questioned  whether  anything  can  be 
more  desirable  for  projection  than  a  really  first-class,  well- 
toned  lantern  slide,  yet  experience  proves  that  the  majority 
of  people  who  enjoy  an  evening  with  the  lantern  are  pleased 
when  a  well-colored  slide  is  shown. 

A  suitable  subject  carefully  printed  and  artistically 
colored,  when  reflected  from  the  screen,  strongly  resembles 
a  huge  water  color  picture,  the  great  difference  between 
such  a  picture  and  a  water  color  being  a  superabundance  of 
detail,  which  is  inherent  in  photogi  aphie  pictures  and  which 
is  not  desirable  in  a  water  color.  A  photograph  can  be  made 
which  will  answer  admirably  for  coloring  which  would  not 
be  satisfactory  as  an  uncolored  picture.  Such  pictures  are 
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taken  through  a  large  diaphragm  <u  with  lull  opening.  Hu* 
foreign  mini  is  inatle  sharp,  u  hih-  lh«-  umldb  distant  e  and 
distance  are  softened  <lmvn  *\  Ih-uu:  .1  liillr  «mt  «»l  turns; 
however,  it  is  not  advisable  t# *  In.  to  make  negatives 
expressly  h >r  coluretl  pictures. 

The  print  fur  coloring  should  be  mod**!  atrjy  light  and 
without  great  contrasts.  Inkv  shadow  s  at<*  to  be  avoided, 
and  it  is  wedl  to  vignette  off  the  distance*  t»»  give  atmosphere. 
The  sky  should  be  transparent,  unless  t  loud  etfe*  ts  ate  to 
be  shown.  While  specks,  pin  holes,  and  lint  air  vrrv 
damaging  to  an  otherwise  line  lantern  didr, they  entirely 
spoil  a  picture  for  coloring.  In  a  pit  lute  well  btokeu  up, 
as  in  a  woods  scene,  where  little  sky  appeals  anti  when 
there  is  no  placid  water,  these  small  dele*  Is  d* »  lit  fir  harm  ; 
but  inn  sky  or  in  a  clear  lake  or  pond,  they  «  an  urvrt  be  rote 
cealed  or  removed  st»  as  to  t*r  unnoticed,  %-,»  that  the  first 
requisite  for  a  good  colored  lantern  slide  is  a  g»«wl  ptinf  of 
the  proper  intensity,  and  with  transpatent  lights,  The 
second  requisite  is  a  knowledge  of  colo*  **  ami  t  oh»i  mg,  and 
the  third  and  last  thing  needed  is  an  ussot  tuunt  of  toiors 
and  brushes. 

With  regard  to  the  slide  itself,  if  might  be  mentioned  in 
passing  that  anything  which  tends  to  harden  the  film  in 
developing,  fixing,  or  after  treatment  inlet  feres  with  the 

free  working  of  the  colors.  For  instance,  alum  111  the  hying 
bath,  intensifying  and  reducing  solutions  alt  tend  to  harden 
the  film  and  prevent  the  free  absorption  of  color, 

The  first  operation  in  lantern  slide  minting  i%  to  soak  the 
plate  in  cold  water  until  the  film  will  absorb  no  more  ;  then, 
while  it  is  still  wet,  go  over  the  entire  surface  of  the  film 
with  a  thin  wash  of  warm  color,  which  may  i*e  either 
yellow  or  pink,  depending  upm  the  subject,  flits  kills  the 
chalky  whiteness  of  the  high  lights,  and  gives  the  entire 
picture  a  warm  and  desirable  tone,  even  though  the  wash  Is 
not  sufficiently  strong  to  Ik*  detected  when  the  picture  in 
thrown  upon  the  screen. 

The  colors  used  for  this  purpose  are  transparent  aniline 
colors  prepared  for  coloring  photographs.  They  are  luMeri 

brown,  blue,  violet,  flesh,  orange,  green,  and  so  on.  The 
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ordinary  aniline  dyes  may  be  used  instead  of  the  prepared 
colors,  as  they  are  practically  the  same.  The  manipulation 
of  1  he  colors  is  the  same  as  in  water  color  painting'.  The 
film  is  kept  wet;  continually  from  the  beginning  (o  the  end 
of  the  operation,  but.  after  the  broad  washes  of  the  first 
warm  tint  and  the  final  sky  color,  the  water  lying  on  the 
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surface  of  the  film  is  allowed  to  dry  off,  leaving  the  film  still 
swelled  and  wet,  but  without  the  surface  water. 

The  prepared  colors  can  rarely  be  applied  to  the  slide 
without  beinjg  reduced  with  water.  Sometimes  the  best 
effects  are  produced  by  mixing  different  colors  before  apply¬ 
ing  them,  while  in  other  eases  the  effects  are  secured  by 
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separate  washes  oi  different  colors,  superposed,  !•  a,  fi  \\  ,tsh 
of  color  sinks  into  the  film  anti  is  n«*t  tcinoved  bv  a  sttbst*. 
quent  wash. 

Although  an  easel  nr  support  something  like  a  tetoui  hing 
franu*  may  be  useful,  the  writer  prrlets  to  hohl  the  slide  in 
the  hand,  as  shown  in  the  engraving.  The  we  t  plate  is  held 
in  a  slightly  inclined  position  in  fiont  of  .t  lamp  provided 
with  a  plain  opal  or  ground  glass  shade.  The  writer  pre¬ 
fers  artificial  light  fur  coloring,  as  the  pirtinrs  air  to  In- 
shown  generally  by  artificial  light  w hit  h  is  yellow  If  the 
pictures  are  designed  for  prnje*  tiuu  tty  sunlight,  it  is  un¬ 
doubtedly  better  to  color  them  in  davhght 

The  first  wash  is  prefrrahh  put  on  w  hdr  the  slide  is 
held  in  an  inverted  position,  and  while  it  is  still  flowing  the 
blue  is  added  for  the  sky,  at  first  very  light  near  the  horizon, 
increasing  in  intensity  toward  the  top  of  the  slide.  After 
this  wash  is  set  and  superfluous  water  has  to aporated,  the 
water  accumulating  along  the  lower  edge  ui  the  plate  is 
removed  with  the  fingers,  ami  the  slitle  t%  turned  light  srtlr 
up,  when  the  extreme  distance,  whether  if  hr  mountain  or 
foliage,  is  covered  with  a  light  wash  of  blur,  and  this  w ash 
is  brought  well  down  toward  the  foreground,  If  the  blue 
appears  cold,  it  can  be  toned  down  by  a  ver  v  light  wash  of 
yellow  or  red.  Trees  in  the  middle  distance  t  an  now  lie 
gone  over  with  a  light  wash  of  orange  or  orange  with  a 
little  of  the  flesh  color  or  pink  added,  When  neat  the  fore¬ 
ground  a  very  light  wash  of  green  is  applied  to  the  foliage, 
but  the  raw  green  of  the  color  set  cannot  be  nml  for  this; 
it  must  be  modified  by  the  addition  oi  orange  01  of  brown. 
If  when  applied  the  green  appears  ton  mill,  it  tnnv  lie  toned 
clown  by  a  light  wash  of  brown,  of  orange  or  flesh  color. 
It  is  desirable  to  produce  variety  in  the  foliage. 

Rocks  in  the  distance  are  washed  with  blur  and  the  tolor 
is  subsequently  modified  by  washes  of  ml  or  brown. 
Trunks  of  distant  trees  anti  some  rocks  may  Ik*  left  neatly 
the  original  color  of  the  photograph,  but  near  rock*  ami  tree 
trunks  may  be  tinted  with  brown,  blur,  or  warm  green,  and 
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It  is  useless  to  trace  the  smaller  branches  of  trees  and 
shrubs,  and  it.  is  rarely  necessary  1o  deal  with  single  leaves 
or  blossoms;  when  this  must  he  done,  a  jeweler’s  eyeglass  is 
required,  and  fine  small  brushes  are  used,  great  care  being 
taken  to  keep  within  the  outline  of  the  object  being  colored. 
I11  all  this  work  the  artist,  does  well  to  remember  that  the 
coloring  is  to  stand  the  test  of  great  magnification  and 
strong  light. 

The  plate  is  apt  to  dry  out  in  some  places  while  the 
coloring  is  going  on  at  other  places.  As  coloring  cannot  be 
successfully  done  on  a  dry  surface,  it  is  important,  to  wet.  the 
surface  before  proceeding.  'Phis  is  done  by  applying  water 
with  a  soft  camel’s  hair  brush.  After  the  surface  water  has 
disappeared,  t  he  coloring  may  proceed. 

It  is  obviously  impossible  to  mention  every  modification 
of  color  that  may  be  produced  by  mixtures  and  washes. 
This  is  something  to  be  acquired  by  practice.  The  writer 
uses  very  few  colors,  rarely  more  than  the  following :  Blue, 
green,  brown,  orange,  flesh,  rose  and  yellow.  The  last  is  a 
strong  color  which  must  be  applied  with  caution.  Green 
and  blue  are  also  strong  colors  which  can  never  be  applied 
without  the  admixture  of  a  warm  color,  or  a  subsequent 
wash  of  the  same.  Brown  in  different  strengths  has  a  large 
application.  It  is  useful  in  toning  down  bright  greens  for 
rocks,  tree  trunks,  earth,  etc.  A  wash  of  blue  over  the 
brown  produces  a  useful  gray.  A  light  wash  of  blue  or 
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are  unsatisfactory,  the  nniy  remedy  is  to  place  the  slide  in 
cold  water  and  allow  it  to  soak,  with  occasional  changes  of 
water,  until  the  color  is  partly  or  entirely  removed. 

It  is  well  enough  to  hear  in  mind  that  a  colored  lantern 
slide  bears  all  the  color  that  is  to  appear  on  the  screen  ;  com 
sequent ly  it  must  he  more  highly  colored  than  a  tranxpar. 
ency  for  direct  vision.  On  the  screen,  however,  a  picture 
is  better  under-colored  than  over-colored,  It  will  often  be 
found  that  prints  which  are  too  light  and  flat  h»r  use  as 
plain  slides  answer  very  well  when  colored,  and  pictures 
which  are  too  dark  for  use  as  plain  slides  may  be  tinted 
with  blue  and  presented  as  moonlight  serenes. 

The  tone  of  the  picture  may  be  altered  by  means  of 
colored  screens  placet!  in  the  lantern  before  or  behind  the 
slide.  These  t inters  are  made  by  clearing  u nr \ posed  plates 
and  going  over  them  with  different  washes.  A  blue  screen 
lowers  the  tone.  A  pink  screen  warms  the  picture  and 
tends  to  give  a  purple  tone,  A  yellow  screen  warms  the 
picture  and  imparts  a  sunlight  effect. 

Brushes  for  this  work  should  Ik?  of  the  best  quality,  very 
mo  ft  and  pliable,  and  such  as  are  used  for  working  up  detail 
must  have  a  hue  point. 

This  method  applies  to  portraits  and  figure  pieces. 

The  colored  slides  are  generally  mounted  in  the  same 
manner  as  the  plain  ernes.  If,  however,  the  highest  fterfre* 
tion  is  sought,  thin  plate  glass  is  used  for  the  sensitive 
plates,  and  glass  of  the  same  kind  is  use  !  for  covers,  the 
cover  and  colored  picture  being  cemented  together  with 
Canada  balsam.  Made  in  this  way,  the  slides  are  more  trans¬ 
parent;  but  in  view  of  the  extra  trouble  and  expense,  the 
improvement  over  the  uueemented  slides  is  hardly  sufficient 
to  warrant  the  general  application  of  this  method, 

Since  the  above  was  written,  Mr.  Dwight  I«  KItitrmiorf, 
of  this  city,  has  written  a  hunk  on  the  subject  of  coloring 
lantern  slides,  in  which  he  recommends  colors  of  his  own 
preparation  claimed  to  be  permanent,  anti  which  require 
the  hardening  of  the  film  by  means  of  the  application  of  a 
solution  of  alum  before  the  final  washing. 
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TELEPHOTOGRAPHY. 


Every  photographer  has  seen  opportunities  for  maki-ng 
desirable  photographs  vvlien  distance  interposed  an  insur¬ 
mountable  obstacle;  for  example,  it  may  be  desired  to  photo¬ 
graph  a  group  of  cattle  in  the  field,  which  would  be  scat¬ 
tered  on  the  approach  of  a  human  being,  or  a  distant  but 
inaccessible  mountain  which  could  only  be  seen  to  advant¬ 
age  from  a  neighboring  hill,  or  a  bit  of  scenery  on  the 
further  side  of  a  river  or  lake,  and  hundreds  of  other  scenes 
which  attract  the  eye  of  the  photographer,  but  which  are 
practically  beyond  the  reach  of  his  instrument  without  the 
device  described  in  this  article,  by  means  of  which  the 
object  may  be  brought  into  such  close  proximity  as  to  make 
the  work  of  the  photographer  very  easy. 

Given  a  distant  and  inaccessible  object,  the  necessity  for 
a  photograph,  and  a  photographer  desirous  of  producing 
such  a  photograph,  and  we  have  all  the  conditions  for  the 
practical  use  of  the  telephotographic  attachment  herewith 
illustrated.  'I' his  is  not  a  telephotographic  objective,  but 
an  achromatic  negative  combination  to  be  attached  to  an 
ordinary  photographic  lens  to  amplify  the  image  produced 
by  the  lens  from  three  to  eight  diameters,  thereby  repre¬ 
senting  the  object  at  from  one-third  to  one-eighth  the  dis¬ 
tance  shown  by  the  lens  without  the  attachment ;  in  other 
words,  it  enables  the  operator  with  a  photographic  lens  to 
obtain  a  photograph  of  an  object  on  a  much  larger  scale 
than  can  be  obtained  with  the  lens  alone  without  the  tele¬ 
photographic  attachment. 

During  the  late  war  with  Spain,  the  desirability  of  pro¬ 
curing  photographic  negatives  with  the  aid  of  a  telephoto¬ 
graph  became  very  apparent.  Mr.  Dwight  L.  Elmendorf, 
of  New  York  city,  who  has  made  a  special  study  of  this 
method  of  photography,  followed  the  campaigns  in  Cuba, 
both  on  sea  and  land,  and  with  the  aid  of  the  telephoto- 
irranhie  camera  obtained  some  remarkable  Dhotoaraohs  of 
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the  vieWvS.  The  results  obtained,  however,  do  not  justify 
this  supposition,  as,  from  all  appearances,  the  men  appear  to 
be  in  close  proximity  to  the  camera,  and  one  would  judge 
that  the  intrepid  photographer  was  having  a  hot  time  of  it. 
There  afe  immense  possibilities  of  a  very  practical  nature  in 
the  use  to  which  this  method  of  photography  can  be  put. 
and  it  should  prove  of  great  value  in  warfare  in  determining 
the  nature  of  ,the  enemy's  country,  in  making  observations 
of  special  objects  and  fortifications,  and  in  obtaining  a 
record  of  the  positions  of  troops  while  maneuvering  or  in 
action,  while  they  are  at  a  considerable  distance. 

We  give  an  example  of  the  work  that  may  1m?  obtained 
by  the  use  of  the  telephotographie  attachment.  The  smaller 

Fun.  t&a. 


Photographic  Lens  with  Telephoto  Aturfer  «wi. 


was  taken  on  an  8  x  to  plate  with  a  rectilinear  lens.  The 
small  space  inclosed  by  the  parallelogram  contains  what 
appears  on  the  larger  plate  magnified  seven  titties.  Both 
views  were  taken  from  the  mine  point,  one  with  the  photo¬ 
graphic  lens  alone,  the  other  with  the  lens  provided  with 
the  telephotographie  attachment  adjusted  to  magnify  seven 
times.  This  attachment  is  of  great  utility  in  taking  views 
with  even  much  less  magnification  than  that  here  shown, 
It  is  very  useful  in  making  pictures  of  buildings,  especially 
high  and  inaccessible  portions,  at  it  permits  the  operator  to 
take  the  view  from  a  point  far  enough  away  to  avoid  the 
distortion  common  to  pictures  made  with  the  lenses  of  wide 
and  medium  angles. 
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The  attachment  is  shown  as  applied  to  a  Zeiss  anast  ig1 1 i  uit. 
6AxB,4  lens  on  an  8xio  box  provided -with  an  extension,  to 
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A  Hotel  in  Maine  Photographed  with  Ordinary  Lens, 
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back  of  the  camera  box  is  22  inches  in  length,  and  is  used 
fully  extended  only  for  magnifying  s'x,  seven  or  eight  times. 
For  making  views  with  a  magnification  of  three,  four  or  five 
diameters  the  rear  bellows  is  closed,  and  the  apparatus  is 
supported  on  a  single  tripod. 

The  telephotographic  attachment  represented  in  one  of 
the  engravings  with  a  Zeiss  objective  inserted  in  the  outer 
end  is  shown  partly  in  section,  to  more  clearly  illustrate 
the  construction.  The  rear  or  flanged  end  of  the  attach¬ 
ment  contains  an  achromatic  negative  or  concave  lens  which 
corresponds  to  an  amplifying  lens  in  a  microscope  or  tele¬ 
scope.  To  the  tube  containing  this  lens  is  fitted  a  sliding 
tube,  in  the  front  end  of  which  is  placed  the  photographic 
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Course  of  the  Rays  through  the  Telephoto. 

lens  proper.  The  sliding  tube  is  adjusted  by  means  of  a 
rack  and  pinion;  the  latter  being  turned  by  the  milled 
wheel. 

As  the  amplifier  magnifies  any  imperfections  that  may  be 
in  the  lens  to  which  it  is  applied,  it  follows  that  none  but 
the  finest  lenses  can  be  used  in  connection  with  the  attach¬ 
ment.  It  has  also  been  ascertained  that  it  is  necessary  to 
have  the  negative’lens  fitted  to  and  corrected  for  the  photo¬ 
graphic  lens  with  which  it  is  used.  After  the  rays  cross  in 
the  photographic  lens  and  diverge  within  the  camera,  the 
central  ones  are  rendered  still  more  divergent  by  the  achro¬ 
matic  concave  lens  taking  the  course  shown  in  the  diagram. 
It  will  be  seen  that  only  a  small  portion  of  the  rays  received 
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and  transmitted  by  the  photographic  lens  pass  through  the 
amplifying  lens.  The  time  of  exposure  is,  of  course,  much 
longer  with  the  telephotographic  attachment  than  with  the 
photographic  lens  alone ;  that  is,  it  is  approximately  propor¬ 
tional  to  the  square  of  the  magnification.  For  example : 
If,  with  the  photographic  lens  alone,  the  exposure  would 
be  one  sixty-fourth  of  a  second,  with  the  telephotograph 
adjusted  to  magnif}7  eight  times,  it  would  require  an  expo¬ 
sure  of  one  second ;  but  there  is  considerable  latitude  in 
exposure  in  a  telephotograph,  and  it  is  well  enough  to  give 
a  little  more  time  than  the  rule  calls  for. 

The  principles  underlying  the  use  of  the  camera  for  this 
kind  of  photography  are  so  simple  that  there  is  no  reason 
why  anyone  having  any  taste  for  photography  should  not 
quick  y  become  accustomed  to  its  manipulation,  with  results 
that  will  be  found  most  novel  and  gratifying.  The  expense 
is  trifling,  as  the  ordinary  camera  and  lens  may  be  used,  the 
extra  length  being  obtained  by  means  of  the  box  extension 
at  the  back  of  the  ordinary  camera.  This  box  extension  is 
clearly  shown  in  the  engraving.  Of  course,  owing  to  the 
length  of  the  complete  apparatus  when  assembled  for  tele¬ 
photographic  work,  two  tripods  are  necessary.  We  present 
in  one  of  the  views  a  detail  of  the  telephotographic  attach¬ 
ment  and  a  diagram  showing  the  path  of  the  rays  before 
they  reach  the  plate  as  indicated  above.  The  whole  sub¬ 
ject  is  teeming  with  interest  for  the  amateur  photographer, 
and  the  most  interesting  and  startling  results  are  often 
obtained. 


THE  CHROMO-CAMERA. 

The  chromo-camera  is  the  name  given  to  a  new  appa¬ 
ratus  for  the  study  of  colors  and  colored  lights.  It  consists 
of  a  cardboard  box  measuring  6x6x3!  inches  and  open  at 
one  end.  The  box  or  camera  is  covered  with  black  cloth 
and  the  interior  is  lined  with  dead  black  paper.  A  cover, 
also  black,  closes  the  open  end.  On  one  side  is  an  opening 
3!  x  inches,  the  lower  edge  of  the  opening  being  1  inch 
from  the  bottom  of  the  box.  With  the  box  are  three 
“tinters,”  such  as  are  used  in  color-projection  lanterns. 


or  artificial  flowers,  and  a  sheet  tit  stiff  white  rardtioarft 
5l  x  6  inches. 

The  chromo-camera  h  the  invention  of  M  r,  Charles 

Barnard,  of  New  York,  ami  was  first  used  by  him  in  his 
school  lectures  on  the  study  of  sense  frapresslortit  of  color. 
The  color-camera  is  used  to  examine  the  colors  of  object* 
placed  in  a  colored  light,  and  to  enable  the  student  to 
mingle  diffused  white  light  and  a  colored  light  in  various 
proportions.  The  invention  is  here  dcxcrttwci  for  the  first 
time,  and  is  freely  dedicated  by  the  author  to  the  unc  of 
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To  use  the  color-camera,  place  a  table  close  to  the  win¬ 
dow  having  a  north  or  sky  light  free  from  reflections  from 
building's  or  trees,  and  cover  the  table  with  black  cloth  or 
paper.  Remove  the  cover  from  the  box,  and  place  it  on 
the  table  with  the  opening  uppermost  and  with  the  open 
end  away  from  the  light.  The  side  curtains  should  be 
drawn  together  to  mask  the  light  from  the  eyes,  leaving 
only  a  space  in  the  center  a  little  wider  than  the  box. 
Draw  the  shade  down  to  about;  on  the  line  of  the  eyes  when 
seated  behind  the  table.  Two  or  three  persons  can  sit  at 
the  table  where  they  can  see  the  interior  of  the  box.  The 
teacher  or  operator  shonlcl  stand  at  one  side  of  the  table 
behind  the  curtains.  Herb  the  tinters,  colored  papers,  etc., 
are  in  easy  reach. 

The.  box  is  now  fully  illuminated  by  the  light  that  falls 
through  the  opening  and  by  the  reflected  light  that  enters 
the  open  end.  Place  a  sheet,  of  red  paper  in  the  box.  It;  is 
plainly  visible.  Now  lay  a  book  over  the  opening  in  the 
box.  The  red  paper  now  appears  to  be  almost  black  in  the 
dark  box. 

R  emuve  the  book  and  paper,  and  place  the  red  tinier  on 
top  of  the  camera  near  the  back.  Slide  it  slowly  forward 
toward  the  light  and  let  the  students  watch  the  interior  of 
the  camera.  When  the  glass  fits  the  frame,  and  covers  the 
opening,  the  interior  of  the  camera  appears  to  be  of  a  very 
dark  red,  the  color  being  faintly  visible  near  the  edge  of 
the  opening  at  the  back,  and  fading  away  to  dead  black 
inside  the  camera.  Place  a  sheet  of  white  paper  in  the. 
camera,  and  it  appears  a  bright  pink.  The  fingers  are  rosy, 
and  a  white  flower  is  pale  red.  The  effect  will  be  improved 
by  placing  the  cover  of  the  box  on  edge  just  above  the 
opening.  Remove  the  reel  tinter,  and  the  paper  is  again 
white.  Place  the  green  tinter  over  the  opening,  and  the 
paper  is  a  pale  grass-green.  Place  the  violet  tinter  on  the 
box,  and  the  paper  is  violet. 

What  has  been  accomplished?  The  light  contains  all 
colors.  The  tinters  act  as  strainers.  They  shut  off  or  strain 
out  all  colors  except  one.  The  paper  capable  of  reflecting 
all  colors  f white  1  finds  onlv  one.  and.  therefore,  reflects  that 
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one  and  no  other.  It  would  reflect  it  perfect) v  were  it  not 
for  the  fact  that  some  white  tight  is  reflected  into  the  hack 
of  the  box,  and  mingles  with  the  minted  light.  It  is  this 
that  causes  the  paper  to  appear  pink  unde  r  the  red  timer. 

Remove  the  white  paper  and  put  the  red  timer  in  place. 
Put  a  ml  paper  or  red  flower  in  the  camera.  It  appears  a 
deeper  red.  Now  remove  the  cover  from  the  tup  ol  the 
box,  and  let  the  operator  hold  the  sheet  of  white  rardtiuard 
upright  on  the  edge  of  the  box.  Now  gently  tip  it  forward, 
and  at  the  same  time  move  it  backward.  It  acts  as  a  reflec¬ 
tor,  and  throws  more  white  light  into  the  box,  ami  the  red 
flower  changes  its  shade  of  ml,  becoming  lighter  in  shade 
as  more  white  light  mingles  with  the  colored  light. 

Remove  the  flower,  and  place  a  shed  of  pah*  vcf low- 
paper  in  the  camera.  It  is  now  11  deep  gulden  mangr,  ami 
by  the  aid  of  the  reflector,  the  color  can  hr  made  to  change 
from  yellow  to  orange.  The  same  rffret  can  be  produced 
by  sliding  the  tinter  back  to  allow  a  thin  xhret  of  light  to 
enter  the  opening.  Remove  the  yellow  paper,  and  place  a 
sheet  of  green  paper  hi  the  camera.  It  appears  neither  red 
nor  green,  but  yellow.  The  eye  is  now  receiving  two  sen¬ 
sations,  a  sensation  of  ml  from  the  red  light  in  the  camera 
and  a  sensation  of  green  from  the  green  paper  partly  illu¬ 
minated  by  white  light  that  contains  green.  The  compound 
sensation  we  call  yellow.  By  sliding  the  timer  backward, 
or  using  the  reflector,  paper  can  be  made  to  pass  from 
green  to  yellow  through  many  l>eanttful  tints  and  shades. 
Place  a  white  rose  in  the  box,  anti  we  shall  see  a  pink  rose 
with  yellow  leaves,  Place  a  blur  flower  or  blue  paper  in 
the  camera,  and  we  shall  see  a  pur  ple  flower  or  paper, 

Put  the  green  tinter  on  the  camera.  Now  yellow  paper 
is  olive  green,  blue  paper  is  Nile  green,  bright  ml  paper  is 
dark  brown.  A  red  rose  is  almost  black  brown,  while  its 
leaves  are  a  vivid  green.  Slide  the  tinter  forward  and 
back  to  observe  the  color  change.  Try  the  violet  tinter, 
and  under  the  violet  light  every  color  will  suffer  endless 
changes,  as  the  proportion  of  white  light  k  allowed  to 
mingle  by  means  of  the  reflector  with  the  colored  light. 

These  experiments,  novel  and  beautiful  as  they  are,  can 
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be  greatly  improved  by  using  the  color  camera  in  full  sun¬ 
shine.  Place  the  table  close  to  a  sunny  window  in  the  full 
sunlight,  the  best  time  being  between  12  and  3  o’clock. 
Draw  the  shade  down  till  its  shadow  just  touches  the . back 
of  the  camera.  Now  the  shaders  of  the  camera  will  fall  on 
the  black  cover  of  the  table,  and  upon  it  will  be  a  square 
of  sunlight  from  the  opening  in  the  box,  this  square  of  light 
being  partly  within  the  box,  according  to  the  position  of 
the  sun.  By  tilting  the  box  up  at  the  back  it  can  be  thrown 
inside  the  box,  but  if  the  curtains  are  closely  drawn,  and 
the  other  windows  are  darkened,  the  effects  can  all  be  seen 
on  the  table  outside  the  box. 

Now  all  the  experiments  can  be  repeated  with  the  most 
brilliant  results.  With  the  red  tin  ter  a  sheet  of  blue 
paper  appears  a  wonderful  purple,  green  is  a  splendid  gold 
color,  and  yellow  a  red  orange.  Every  color,  single  or 
compound,  will  appear  in  marvelous  brilliancy,  and  the 
students  will  be  lost  in  wonder  at  the  endless  combinations 
of  tint  and  shade  of  flowers,  paper  and  other  materials 
under  the  magic  of  two  lights,  white  light  and  a  colored 
light. 

Take  a  piece  of  cardboard  and  cut  in  it  a  small  cross, 
star,  or  other  figure.  Lay  this  over  the  red  tin  ter,  and  in  the 
camera  we  shall  see  the  figure  in  vivid  red  on  a  black  back¬ 
ground.  Place  a  green  paper  in  the  camera,  and  the  figure 
seems  to  shine  with  an  orange  yellow  light.  Try  each 
tinter  in  the  full  sunlight,  and  a  great  variety  of  beautiful 
effects  will  be  observed. 

Next  take  the  color  camera  to  ago:  d  north  light.  Place 
a  sheet  of  white  paper  on  the  bottom  of  the  box,  and  upon 
this  lay  a  penknife,  rule,  pencil  or  other  small  object.  Put 
the  object  about  an  inch  from  the  front  of  the  box.  The 
light  that  falls  into  the  open  box  causes  the  object  to  cast  a 
shadow  on  the  white  paper.  Now  place  the  violet  tinter 
in  the  top  of  the  box,  next  to  the  front.  Now  let  the  oper¬ 
ator  move  the  tinter  slowly  backward  till  it  covers  the 
opening,  while  the  students  fix  the  attention  upon  the 
shadow  in  the  box.  When  the  opening  begins  to  be  closed 
fav  the  tinter.  the  shadows  deenen.  A  faint  violet  frintre 
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appears  cm  the  edge.  This  grows  deeper  ami  deeper  as  the 
violet  twilight  in  the  box  dec  reases.  Suddenly,  another 
color  appears.  The  shadow  suggests  yellow,  and  just  as 
the  t inter  doses  the  opening  the  gray  shadow  turns  to  a 
pale  ghost-like  yellow.  By  using  the  reflretot  the  shadow 
can  be  made  to  turn  from  gray  to  yellow  at  will  With  the 
red  tinier  the  shadows  are  green,  with  the  green  tinier  they 
are  red;  in  each  case  the  shadow  is  of  the  complementary 
color  of  the  t Inter. 

Students  and  teachers  will  find  the  chrome  ^camera  both 
useful  and  entertaining  in  the  study  of  color.  Sue  It  experi¬ 
ments  tend  to  train  the  eye  to  a  fitter  appreciation  of  the 

distinction  of  color,  hue  and  shade,  and  such  t rattling  can¬ 
not  fail  to  add  to  our  enjoyment  of  nature  ami  at  t. 

gUADRUft.K  CUMt'OUSp  ttAUMoMc  Mut  t<>\. 

tty  at.  j.  m»i  tnoat.  n.j. 

As  the  science  of  physics  advances,  hut  mimic  motion  of 
some  kind  or  other  is  found  to  Ik*  at  the  bottom  of  almost 
all  phenomena.  Some  of  the  experiments,  especially  those 
in  compound  harmonic  motion,  are  very  interesting  and 
instructive.  The  physicist’s  ordinary  instrument  for  this 
purpose  is  the  double  pendulum,  in  ninth  a  needle  is  made 
to  trace  upon  a  glass  plate  the  resultant  of  two  pendulum 
motions  in  planes  at  right  angles  to  one  another.  If  the 
two  pendulums  are  isochronous,  the  needle  will  trace  straight 
lines,  ellipses,  or  circles,  according  to  the  phase  of  oscillation. 
If  the  pendulums  are  not  isochronous,  hut  of  lengths  corre¬ 
sponding  to  the  squares  of  the  ratios  1:2,  2 : 3,  3 : 4,  3  ;  5,  etc., 
the  needle  will  trace  a  series  of  curves  similar  to  those 
represented  on  page  432,  1,  2  and  3. 

If,  however,  the  plate-holder  itself  be  suspended  by  a 
thread,  so  as  to  move  without  friction,  and  then  lie  attached 
to  two  other  pendulums,  and  all  four  be  set  in  motion,  each 
with  its  own  time,  phase,  and  amplitude  of  vibration,  the 
result  will  be  a  new  series  of  figures,  more  numerous  and 
far  more  beautiful  than  the  preceding,  1  hen  a  calcium  or 
electric  light  may  be  placed  under  the  plate  and  the  figures 
thrown  upon  a  screen  while  in  course  of  formation.  The 
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It  consists  of  a  solid  table  40  inches  in  height;  four 
leaden  pendulum  weights,  of  12  pounds  each,  and  capable 
of  being  raised  or  lowered  at  will ;  four  -|-inch  brass  tubes 
resting  upon  knife  edges  and  carrying  gimbals  at  the  top 
with  steel  wires,  which  are  connected  hinge-fashion  with 
the  needle,  N,  and  the  plate-holder,  P.  This  plate-holder  is 


16— Ratio  59:60.  17— Ratio  9:11:13:15. 

Figures  Produced  by  the  Quadruple  Harmonic-Motion  Pendulum. 


suspended  from  a  standard  20  inches  in  height,  and  carries 
a  darkened  glass  plate,  upon  which  the  needle  moves  and 
traces  its  circuitous  paths.  An  excellent  plate-darkener  has 
been  found  to  be  a  thin  coat  of  vaseline  covered  with  lamp¬ 
black.  These  plates,  if  covered  with  another  coat  of  varnish, 
serve  the  purpose  of  first-class  negatives  for  photographing 
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the  curves.  Then  there  is  the  ordinary  apparatus  for  pro¬ 
jection,  L,  being  a  metallic  inclosure  for  the  lamp,  and  the 
key,  K,  the  axis  of  a  mirror  which  reflects  the  light  up 
through  the  plate,  P,  and  into  the  prism,  M,  whence  it  is 
thrown  upon  a  screen.  And  last,  but  not  least,  there  is  a 
contrivance  for  determining  the  phase  and  amplitude  of 
vibration,  two  elements  in  these  figures  only  second  in 
importance  to  time  itself.  The  amplitude  depends  upon 
the  length  of  the  cord,  c,  which,  beginning  at  the  key,  K1, 

Fto.  Uiq. 
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and  passing  down  through  the  tube,  T,  and  then  through 
the  screw-eye,^,  is  fastened  to  a  small  hook,  //,  hanging  from 
the  block,  b.  This  hook  is  raised  (thereby  pulling  the 
pendulum  toward  the  screw-eve,  and  put  up  through  a 
hole  in  the  block,  b>  at  the  top  of  which  the  hook  is  caught 
by  the  end  of  a  little  lever,  /  (Mg.  My).  This  lever  is  con¬ 
nected  with  the  adjacent  pendulum,  by  means  of  the 
thread,  if,  whose  exact  length,  adjusted  by  means  of  the 
thumbscrew,  s  (see  Fig.  M8),  determines  the  phase  of 
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Fig.  1 7 1  gives  a  view  of  all  three  levers  and  their  con¬ 
nections,  and  Fig.  169  the  same  in  a  different  position.  It 
will  be  noted  that  pendulum,  a  (Fig.  169),  is  set  off  by  hand, 
and  then  a ,  pulling  the  lever,  /,  sets  off  pendulum,  b,  then  b 
performs  a  similar  service  for  c,  and  c  for  d ,  and  supposing 
each  set  of  pendulums  to  be  isochronous,  both  needle  and 
plate  will  circle  around  in  the  same  direction;  that  is, 
counter-clockwise.  In  Fig.  169  the  needle  and  plate  take 


Method  of  Plotting  the  Figures. 


opposite  directions,  thereby  producing  an  entirely  different 
class  of  figures,  each  class  containing  an  endless  number  of 
varieties,  determined  by  modifications  in  time,  phase  and 
amplitude.  A  few  of  the  more  striking  figures  are  shown 
in  the  accompanying  cuts. 

It  may  be  asked  here  whether  there  is  any  way  of  telling 
by  inspection  the  amplitude  and  oscillation  ratio  of  the  two 
circular  motions  required  to  produce  any  of  these  figures. 
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The  answer  to  these  questions  is  much  simpler  than  may  at 
first  be  imagined,  hirst,  the  ratio  of  oscillations  may  be 
known  from  the  number  of  points  or  loops  in  the  figure, 
since  the  number  is  always  equivalent  to  the  sum  of  the  two 
numbers  of  the  ratio,  e.  g.,  2:3  =.5  points  or  loops  (2,  5, 
6,  7),  3:4=  7  (2,  8,  9,  10),  and  5:7=12  (2,  11,  12).  But 
how  can  a  person  tell  whether,  for  example,  the  ratio 
was  5:6=:  n,  or  4:7=11?  By  this  simple  rule :  The 
lesser  number  of  the  ratio  is  invariably  one  greater  than  the 
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may  be  varied  by  a  simple  change  of  amplitude.  2,  13, 
14  and  15,  16,  show  how  the  resultants  may  be  varied  by 
starting  the  plate  and  needle  in  the  same  or  opposite  direc¬ 
tions.  17  is  a  sample  of  what  may  be  obtained  by  having 
all  four  pendulums  of  different  lengths. 

19  shows  how  the  resultant  of  quadruple  harmonic 
motion  may  be  plotted  beforehand  and  then  verified  upon 
the  pendulum.  The  diameters  of  the  two  circles  represent 
amplitude  of  swing,  and  the  divisions  of  the  circumferences, 
distances  traveled  in  equal  times  by  the  needle  and  the 
plate.  Then  the  algebraic  sum  of  the  sines  and  cosines  at 
each  instant,  1,  2,  3,  etc.,  after  starting  will  give  the  exact 
position  of  the  resultant  at  the  same  instant,  and  a  line  pass¬ 
ing  through  all  these  points  will  describe  the  figure  which 
the  combined  motions  of  all  four  pendulums  would,  under 
the  given  conditions,  produce. 

It  may  be  remarked  in  conclusion  that  the  star-shaped 
figures  beautifully  exemplify  the  action  of  plane  polarized 
light  in  passing  through  quartz  crystal,  where,  according  to 
theory,  the  beam  is  broken  up  into  two  circularly  polarized 
beams  going  in  opposite  directions  and  at  different  speeds, 
thereby  shifting  the  original  plane  by  an  angle  proportional 
in  size  to  the  thickness  of  the  crystal. 

NODES  AND  LOOPS. 

BY  M.  J.  HOFRRER,  S.J. 

To  anyone  who  has  ever  attempted  to  explain  the  action 
of  sound  waves  in  an  organ  pipe,  the  contrivance  shown 
will  at  once  commend  itself.  Ordinary  textbook  diagrams 
serve  only  to  bewilder  the  student  on  this  somewhat  intri¬ 
cate  point  in  physics.  He  is  constrained  to  fix  his  attention 
at  one  and  the  same  time  upon  two  different  longitudinal 
waves  meeting  each  other  at  every  possible  phase  and 
always  under  the  guise  of  sine  curves.  What  a  relief  could 
he  turn  from  the  lifeless  page  of  his  book  to  an  illuminated 
screen  where  the  direct  and  reflected  waves  might  be  seen 
moving  toward  each  other  with  perfect  distinctness  and 
the  resultant  showing  itself  at  every  instant  with  infallible 
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•serve  merely  to  bring  both  parts  of  the  belt  together 
focus,  as  shown  in  Fig.  173-  -A-  wire  sine  curve  whic 

revolves  once  for  every  wave  on  the  belt  represents 
the  resultant  of  the  direct  and  reflected  waves  at  every 
possible  phase  or  combination.  This  wire  sine  curve  is  con¬ 
nected  with  one  of  the  rollers  by  means  of  small  cogwheels. 
Now,  by  turning  the  thumb-screw  at  the  end  of  the  slide, 
the  rollers  are  made  to  revolve,  and  one  part  of  the  belt,  to 
move  to  the  right  and  the  other  to  the  left,  thereby  causing 
the  waves  to  advance  toward  one  another  continuously. 
The  wire  sine  curve  keeps  exact  pace  with  the  two  waves 
and  shows  at  every  instant  the  algebraic  sum  of  their  com¬ 
bined  ordinates.  The  perpendicular  dark  lines  crossing  the 
field  mark  the  position  of  the  stationary  nodes  and  loops. 


Fig.  173- 


Edge  View  of  the  Endless  Film. 


The  practical  results  of  the  apparatus  will  be  better 
understood  by  inspecting  Fig.  172.  The  first  five  show 
the  direct  and  reflected  waves  under  various  relations  of 
phase  together  with  their  resultants,  which  are  represented 
by  the  heavy  sine  curves.  In  No.  1,  where  the  waves 
are  exactly  opposed  to  one  another,  the  resultant  is  zero, 
and  this  is  represented  on  the  screen  by  the  wire  when  its 
curves  are  in  the  same  plane  as  the  eye  of  the  observer. 
The  other  four  diagrams  show  a  gradual  increase  in  the 
resultant,  until  in  No.  5  it  is  almost  a  maximum. 

Nos.  6  and  7  are  a  representation  of  two  ways  in  which 
the  curves  may  be  traced  upon  the  film.  In  No.  6  the  ordi¬ 
nates  of  the  sine  curve  represent  displacement  of  particles  ; 
the  ordinates  above  0  x  displacement  to  the  right  of  the 
point  of  rest,  and  those  below  0  x  displacement  to  the  left. 
In  this  case,  however,  an  allowance  of  half  a  wave  length 


NODES  AND  LOOPS. 


431 


must  be  made  in  the  position  of  the  resultant,  owing  to  the 
fact  that  right  and  left  have  interchanged  places  in  the 
reflected  wave.  This  point  is  beautifully  shown  upon  the 
screen.  In  Mo.  7  the  ordinates  represent  different  degrees 
of  rarefaction  and  condensation,  which,  not  bearing  the 

Fig.  174. 


Sound  Wave  Lantern  Slide. 


relations  of  right  and  left,  are  not  disturbed  by  being 
reversed  in  the  reflected  wave.  The  displacement  method, 
however,  has  the  advantage  of  being  more  realistic  and 
definite,  as  in  this  case  the  transverse  displacement  in  the 
sine  curve  corresponds  exactly  to  the  longitudinal  displace¬ 
ment  of  air  particles  in  sound  waves. 


l! 
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*  POULSEN  TELEGRAPIIONE. 

FROM  THE  SCIENTIFIC  AMERICAN. 

One  of  the  most  interesting  devices  exhibited  at  the 
Paris  Exposition  is  the  telegraphone  invented  by  the  Danish 
engineer,  Valdemar  Poulsen.  The  principle  of  the  appara¬ 
tus  will  be  understood  from  the  diagram,  Fig.  176,  in  which 
E  is  an  electro-magnet  of  small  dimensions,  placed  in  a  tele¬ 
phone  circuit  including  the  battery,  B,  microphone  trans¬ 
mitter,  M,  and  receiver,  T.  The  poles  of  the  electro-magnet 


Fig,  175. 


Poulsen’s  Ribbon  Telegraphone. 


are  very  near  together,  with  just  sufficient  space  to  allow 
the  steel  wire,  a  b ,  to  pass ;  the  wire  may  be  drawn  forward 
so  as  to  bring  its  successive  portions  between  the  poles.. 
The  wire  used  is  steel  piano-wire  of  about  one-fiftieth  inch 
diameter,  and  it  advances  at  the  rate  of  seven  or  eight  feet 
per  second.  The  arrangement  resembles  that  of  an  ordi¬ 
nary  phonograph  in  which  the  wire,  «  b,  replaces  the  wax 
cylinder,  and  the  magnetic  flux  between  the  poles,  the. 
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stylus.  The  sound  is  recorded  in  the  following  manner ; 
when  the  microphone  is  spoken  into  or  otherwise  receives  a 
series  of  impulses,  the  electric  impulses  set  up  in  the  circuit 
cause  variations  of  current  in  the  coils  surrounding  the 
electro  -  magnet,  and  in  consequence  the  magnetic  flux 
between  the  poles  undergoes  a  series  of  variations  corre¬ 
sponding  to  the  original  sound  waves.  These  magnetic 
pulsations  act  in  turn  upon  the  steel  wire  as  it  passes  along 
in  front  of  the  poles,  and  magnetize  it  transversely;  each 
part  of  the  steel  wire  thus  preserves  its  part;  of  the  magnetiz¬ 
ation,  which  depends  upon  the  strength  of  the  flux  at.  that 
instant.  The  magnetic  trace  upon  the  wire  thus  corre¬ 
sponds  exactly  to  the  original  sound  waves.  It  remains 
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in  the  receiver  is  very  distinct  and  is  entirely  free*  from  the 
disagreeable  scratching  noises  generally  heard  in  the  plumo- 
graph.  The  illustration  and  diagrams.  Figs.  177.  178.  and  t;o, 
show  the  general  appearance  of  the  instrument  and  the  dis¬ 
position  of  the  various  parts.  A  drum  about  1  $  inches  long 
and  5  inches  in  diameter  revolves  between  two  supports 
fixed  to  a  metal  base;  at  one  end  of  the  cylinder  is  a  pulley 
which  receives  a  cord  passing  below  to  the  motor.  In  this 
case  an  electric  motor  is  used,  connected  with  the  main 
lighting  circuit.  The  drum  is  of  brass  and  has  a  spiral 
groove  in  its  surface  in  which  is  wound  a  continuous  layer 
of  steel  piano  wire  about  one  fiftieth  of  an  inch  in  diameter ; 
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somewhat  delicate,  and  accordingly  a  guiding  arrangement 
has  been  provided  which  consists  of  a  steel  knife-edge,  K, 
fixed  to  an  arm  in  the  rear;. the  arm  is  fixed  to  a  brass 
sleeve,  B,  which  slides  upon  the  main  rod.  In  this  way,  the 
carriage,  which  rests  also  upon  the  sleeve,  is  guided  by  the 
knife-edge.  The  arrangement  devised  by  I  km  Ison  to  bring 
back  the  carriage  to  the  starting  point  is  simple  and  ingeni¬ 
ous.  As  the  cylinder  turns,  the  carriage  is  thus  guided  to 
the  end  of  its  course  ;  at  this  point  is  fixed  an  inclined  plate, 
S,  carried  on  an  arm,  .seen  also  to  the  left  of  the  illustration. 
The  projecting  piece,  T,  of  t lie  lever,  H,  strike's  the  plate, 
and  the.  magnet  carriage  is  tilted  back  in  the  direction  of  the 
arrow ;  the  lever  then  engages  with  a  catch,  E.  It  will  be 
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seen  that  if  the  carriage  is  now  moved  to  the  right,  the  rear 
arm,  A,  will  be  lifted  by  the  weight  of  the  carriage  around 
R  as  a  center.  This  causes  the  button,  R,  to  engage  with  a 
wire,  P,  which  is  wound  spirally  around  the  rod,  (),  and  as 
this  rod  is  revolved  by  a  pulley  the  carriage  is  brought  back 
to  its  starting  point.  The  chain,  shown  at  L,  serves  to  hold 
the  magnet  off  the  wire  when  not  in  use. 

In  order  to  produce  conversations  with  the  utmost  dis¬ 
tinctness,  the  wire-wound  drum  must,  be  rather  rapidly 
rotated.  Experience  has  shown  that  a  velocity  of  1.64  feet 
(0.5  m.)  per  second  gives  the  best  results.  A  conversation 
of  one  minute  in  duration  could,  therefore,  be  recorded  on 
98.4  feet  (30  tn.)  of  wire,  which  is  approximately  the  capacity 
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of  the  instrument  illustrated  in  Fig,  179.  But,  for  the  ordi¬ 
nary  requirements  of  life,  this  time  is  far  too  short.  Longer 
conversations  are  recorded  and  reproduced  by  means  of  the 
apparatus  shown  in  Fig.  175,  in  which  a  very  thin,  flat  steel 
ribbon,  resembling  a  telegraph  tape,  takes  the  place  of  the 
wire.  The  ribbon,  A,  passes  from  one  roll  over  a  standard 
mounted  in  the  middle  of  the  apparatus  to  a  second  receiv¬ 
ing  roll.  Upon  the  standard  the  electro-magnet — not  shown 


Fig.  179 


Poulsen's  Wire  Telegra^joHe. 


in  the  illustration — is  mounted,  the  two  poles  of  which  are 
arranged  transversely  to  the  ribbon.  The  principle  is  the 
same  as  that  of  the  instrument  previously  described. 
Although  the  layers  of  the  ribbon  are  tightly  rolled  in  a 
coil,  the  magnetism  of  one  layer  exerts  no  influence  what¬ 
ever  upon  the  magnetism  of  the  adjacent  layers. 

A  conversation  once  magnetically  recorded  can  be 
repeated  indefinitely.  Experiments  which  have  been  made 
show  that  a  conversation  can  be  reproduced  from  one  ta 
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two  thousand  times  without  any  perceptible  diminution  in 
clearness. 

To  efface  the  record,  it  is  necessary  only  to  pass  a  cur¬ 
rent  from  a  few  cells  of  battery  in  the  circuit  of  the  electro¬ 
magnet,  when  the  magnetization  of  the  wire  is  equalized 
and  it  is  ready  to  receive  another  record.  Poulsen  recently 
presented  an  account  of  the  telegraplume  to  the  Academic 
des  Sciences,  in  which  he  explained  its  principles.  He  also 
noted  an  interesting  experiment  which  has  been  made  by 
his  assistant,  M.  Pederson,  who  had  charge  of  the  instru¬ 
ment  at  the  Exposition;  this  is  the  registering  and  repro¬ 
ducing  of  two  separate  conversations  on  the  same  wire. 
Two  electro-magnets  are  used,  whose  windings  are  com¬ 
bined  so  that  each  is  insensible  to  the  record  produced  by 
the  other.  The  first  electro-magnet  has  its  windings  con¬ 
nected  in  series,  and  the  second  in  opposition ;  under  these 


be  superposed  and  separated  at  will.  The  superposition  of 
the  two  magnetic  curves  has  the  effect  of  a  resultant  in 
each  point  of  the  steel  wire,  but  as  one  of  these  components 
is  always  neutralized  by  one  or  the  other  of  the  receiving 
magnets,  it  is  seen  that  by  using  one  or  the  other  set  of 
magnets,  the  first  or  second  series  of  components  may  be 
received,  that  is  to  say,  the  first  or  second  conversation. 

The  telegraphone  is  already  in  practical  operation  in 

,  and  1 
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Many  writers  on  the  history  of  horology  attribute  the 
invention  of  the  first  true  machine,  that  is,  a  device  with 
Weighted  mechanism,  gear  wheels,  and  some  form  of  slow 
escapement,  to  Pacilicus,  an.  archdeacon  of  Verona,  in  the 
ninth  century,  but  confirmation  of  their  being  really 
machines  is  incomplete. 

Probably  the  first  genuine  clocks  made  their  appearance 
in  the  twelfth  century,  the  first  detailed  description  being 
tli at  of  a  time-piece  sent  by  the  Sultan  of  Egypt  to  the 
Emperor  Frederick  the  Second  in  1232. 

A  clock  was  erected  in  the  old  tower  at  Westminster  in 
x  288,  and  in  1292  another  is  described  as  resembling  the 
more  modern  styles  of  mechanism  save  the  principle  and 
oliaracter  of  the  escapement.  A  more  minute  description 
of  a  clock  with  gear  wheels  was  published  with  the  date  of 
1  348,  taken  from  Dover  Castle,  and  exhibited  in  working 
order  at  one  of  our  recent  expositions. 

De  Wyck  in  1379  built  a  clock  for  Charles  the  Fifth,  of 
France,  which  was  also  placed  in  a  tower,  with  its  move¬ 
ment  controlled  by  a  rotating  weighted  escapement.  The 
forms  of  controlling  devices  or  escapements  now  multiplied 


various  principles  until  the  discovery  and  application  of  the 
pendulum  three  centuries  later. 

The  origin  of  the  pendulum  as  applied  to  clocks  is  also 
disputed  and  obscure,  being  claimed  by  various  persons 
engaged  in  clock  making  at  a  very  early  date. 

Galileo,  through  his  careful  observation  of  the  swinging 
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oredited  with  the  discovery  of  the  laws  of  the  pendulum, 
among  which  is  included  the  interesting  fact  that  a  pendu¬ 
lum  will  vibrate  through  arcs  of  varying  magnitudes  in  the 
same  time,  provided  the  arcs  are  all  included  within  a 
reasonable  limit. 

In  the  electric  clock  designed  by  the  writer,  advant¬ 
age  is  taken  of  this  fact  that  a  pendulum  will  '‘beat 
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edge,  which  rests  upon  a  highly  tempered  steel  support, 
requiring  only  the  minutest  amount  of  electrical  energy  to 
keep  the  governing  portion  in  motion. 


Em.  iHx 


Front  and  Side  Views  of  Electric  Gloeic, 


The  first  illustration  of  the  dock  was  taken  from  a 

photograph,  before  being  mounted  on  its  wooden  base 
under  a  protecting  glass  case.  This  dock,  if  very  carefully 

built,  with  its  pendulum  accurately  adjusted  for  the  iati» 
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tudc  of  place  where  it  is  to  be  used,  will  run  with  precision, 
and  rccpiire  little  or  no  attention  for  very  long  periods  of 
time.  It  has  been  styled  “electric  earth  clock”  by  the 
writer,  as  the  electric  current  produced  by  a  series  of 
metallic:  plates  buried  in  the  damp  ground  is  sufficient  to 
keep  tlic  delicately  mounted  pendulum  in  motion,  which  in 
turn  moves  a  light  and  well-balanced  train  of  simple  wheels 
and  hands. 

Fig-.  18 1  is  the  reproduction  of  a  working  drawing* 
illustrating  front  and  side  views  respectively.  From  this 
drawing  the  principle  and  working  of  the  clock  can  be 
easily  -understood.  The  clock  from  which  these  illustra¬ 
tions  were  made  stands  23  inches  high,  including  the  base, 
being  suitable  for  a  mantel  in  a  library  or  office. 

The  pendulum  of  the  clock  is  kept  in  motion  by  minute 
electrical  impulses  through  the  agency  of  the  four  sole¬ 
noids,  A.  A  A  A,  which  attract  four  iron  tongues,  B  B  B  B, 
mounted  at.  the  extremities  of  a  brass  spider,  C,  which 
carries  the  hardened  steel  knife  edge.  A  little  automatic 
switch  carrying  a  platinum-tipped  hammer,  D,  falls  from 
side  to  side  with  the  vibrations  of  the  pendulum,  and  throws 
in  and  out  of  circuit  the  magnet  spools  at  the  proper  times 
to  maintain  the  motions  of  the  pendulum.  The  connections 
are  made  from  little  insulated  studs  attached  to  the  face  of 
the  plate,  K,  as  illustrated. 

The  mechanism  of  this  clock  is  extremely  simple.  The 
brass  spider,  C,  which  supports  the  iron  tongues,  the  knife 
edge,  and  the  mounting  for  the  pendulum,  F,  also  carries 
through  the  medium  of  the  pendulum  mounts,  which  will  be 
taken  up  in  detail  later,  two  little  bars  which  pass  through 
the  back  plate,  G,  of  the  device  and  operate  a  little  arm, 
H,  which  moves  the  seconds  wheel,  I,  one  tooth  for  each 
swing  of  the  governing  pendulum.  It  then  remains  to  pro¬ 
perly  gfcar  the  motion  clown  for  the  minute  and  hour  hands 
respectively,  the  gearing  for  which  is  also  taken  up  later  in 


The  thrust,  or  distance  through  which  the  arm,  H,  moves* 
can  be  regulated  to  a  nicety  by  screwing  the  little  block* 
L,  along  the  screw,  M.  The  weight  of  this  little  block  and 
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the  arm  it  carries  is  balanced  by  the  running-  screw  weight, 
(),  on  the  opposite  side,  in  order  that  the  pendulum  may 
swing  fairly.  The  ends  of  the  little  bars  which  come 
through  the  p kite  from  the  pendulum  mount  and  receive 
the  end  of  these  screws  can  be  seen  at  P  P.  The  hardened 
steel  knife  edge  is  also  shown  in  the  center  resting  on  its 
tempered  steel  support,  Q,  between  the  ends  of  the  little 
threaded  rods. 

Believing  now  that  the  entire  scheme  and  working 
principle  of  this  time-piece  is  thoroughly  understood,  the 
writer  takes  up  the  detail  portion  and  gives  the  figures  and 
measurements  necessary  for  the  construction  of  a  successful 
clock  upon  the  present,  design. 

Fig.  183  illustrates  the  detail  of  the  hack  plate  and  in¬ 
dicates  the  dimensions.  This  plate  is  turned  out.  on  the 
lathe  from  brass  one-eighth  inch  thick,  as  it  serves  to  mount 
the  entire  mechanism  of  the  clock.  The  holes  around  the 
edge  are  for  attaching  the  magnet  spools,  and  the  three 
vertically  drilled  ones  for  bolting  on  the  upright  standards 
for  carrying  the  face  and  gearing. 

The  four  small  holes  under  the  central  opening  are  for 
the  support  to  the  knife  edge,  and  the  two  large  holes  at 
the  sides  serve  for  mounting  the  plate,  B,  which  has  at¬ 
tached  the  little  studs  for  making  the  necessary  electrical 
connections.  This  plate,  not.  illustrated  in  detail,  measures 
5  inches  in  diameter  and  has  a  3!  inch  opening  in  the 
center.  For  appearance,  this  plate  is  also  turned  from 
brass  £  inch  in  thickness.  The  plate  is  attached  to  the 
main  back  plate,  G,  by  bolts  and  sleeves  so  adjusted  that, 
there  is  a  space  of  iff  inches  between  the  two  plates  for 
the  swinging  portion. 

No.  12,  Fig.  1 86,  shows  the  steel  rest  and  its  support  for 
the  knife-edge.  The  steel  block  is  soldered  in  the  brass 
rest,  the  dimensions  for  which  appear  on  the  drawing,  'Phis 
block  is  cut  from  a  piece  of  high-carbon  steel,  and  tempered 
to  the  highest  degree  after  a  little  channel  has  been  cut 
down  its  center  with  a  triangular  file  to  prevent  tin*  knife 
edge  from  vibrating  off  its  seat.  To  temper  this  to  the 
proper  hardness,  at  least  a  pound  of  mercury  is  necessary, 
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contained  in  an  iron  receptacle.  I  In*  iron  lecrptadc  con¬ 
taining  the  mass  (4  mercury  is  packed  annual  with  it  r  and 
salt,  and  the  metal  thorough!)  chilled.  The  little  him  k  n{ 
steel,  with  its  groove  filed  truly  in  the  center,  is  mnv  heated 
up  to  perfect  incandescence  and  plunged  under  the  surface- 
of  the  chilled  mercury.  The  larger  the  mass  of  mercury 
the  better.  Do  not  inhale  the  fumes  vvhieh  mme  In  an  the 
mercury  at  the  time  of  immersing  the  heated  steel.  It  tin- 
bar  steel  was  of  proper  character  before  tempering,  am!  it 
these  directions  have  been  accurately  billowed,  the  best  <»( 
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Files  wilt  slide  over  the  surface  of  the  block  ••  without 
touching  it,  ’  When  mounted  in  the  little  brass  Mtppot  t  In 
means  of  a  little  solder  around  the  edge,  the  block  is  pushed 
through  the  opening  in  the  back  plate,  and  the  bar  of  the 
brass  support  securely  bolted  in  position  by  means  of  little 
bolts  of  brass  with  running  hexagon  nuts,  which  ma\  lr 
obtained  at  the  hardware  dealer*.  Two  brass  columns  me 
now  turned  up  cm  the  lathe,  to  which  this  plate,  with  its 
knife  edge  support,  is  attached  by  means  of  1%  stunt  teas* 
bar.  These  columns  shou  Id  have  an  extreme  height  of  Sf 
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taste  of  the  maker.  The  columns  are  bolted  at  the  bottom 
to  a  brass  bed-plate  •£  inch  thick,  trued  up  on  a  small  shaper 
or  j daner  to  measure  about.  3  by  10  indies  square,  'rim  tops 
of  the  columns  also  receive  brass  bolts,  by  imams  of  which 
the  bar  supporting;  the  entire  dock  may  be  hrmly  bolted 
down.  The  next  portion  of  t lit'  whole  to  be  made  and  put 
together  is  the  brass  spider,  Cl,  and  its  knife-edge.  The  detail 
for  this  work  is  represented  b)'  b,  Fig1.  185.  This  spider  is 
cut  from  brass  of  an  inch  thick,  the  plan  illustrated  being 
carefully  followed.  The  knife-edge  is  most  accurately  filed 
to  shape  from  a  piece  of  the  hardest,  high  carbon  steel  pro¬ 
curable1,  and  is  tempered  in  the  same  maimer  as  the  support. 
In  thrusting  t he  incandescent,  knife  edge  below  t he  surface 
of  1  he  chilled  mercury,  the  sharpened  edge  should  touch 
tlit*  mercury  first.  The  little  brass  mounting  for  this  knife- 
edge  is  too  simple,  to  ret  pi  ire  additional  remark.  Thu  steel 
for  the  knife-edge  should  be  about  k  inch  in  thickness,  and 
when  mounted  permanently  in  a  small  groove  in  the  mount 
by  means  of  a  little  solder,  the  edge  should  just  reach  to  the 
renter  of  the  stpiare  opening  as  indicated. 

Fig.  tS6  illustrates  the  little  brass  plate,  F,  adapted  for 
holding  the  pendulum  and  the  little  automatic  switch.  The 
dimensions  are  marked  on  the  illustration,  the  only  direction 
necessary  being  for  the  thickness  of  the  plate  and  the 
method  of  hanging  the  pendulum.  This  plate  is  heavy 
enough  if  ltled  from  brass,  with  little  bars  of  £4nch  brass 
soldered  to  the  two  lower  limbs,  into  which  the  pendulum 
bars  screw.  We  are  now  ready  to  assemble  the  pieces 
made  and  begin  the  work  on  the  automatic  electric  switch. 

Fig.  184  illustrates  the  pendulum  mount  bolted  to  the 
spider,  the  distance  between  them  being  f  of  an  inch.  The 
pendulum  mount  is  held  at  this  distance  from  the  spider  by 
means  of  two  little  brass  pillars  turned  up  on  the  lathe,  one 
of  which  is  illustrated  in  the  side  view  of  the  switch,  10, 
Fig.  185.  The  electric  switch  is  made  from  brass,  to  which 
are  attached  little  blocks  of  hard  rubber  as  indicated  by  the 
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is  platinum  tipped,  and  the  little  hammer  head,  I),  has  a 
platinum  plate,  S,  designed  to  come  in  contact  with  the 
platinum-tipped  screw.  The  screw  at  the  right  is  plain, 
and  merely  serves  as  an  arrest,  being  struck  by  the  hard 
rubber  of  Ihe  head,  1),  thus  playing  no  part  in  the,  electrical 


control.  The  electrical  connections  can  now  be  made  per¬ 
fectly  clear  by  referring  to  Fig.  181,  where  the  studs  on  the 
plate,  E,  arc  indicated.  By  means  of  the  hard-rubber  block, 
IT,  in  Fig.  1 85  the  switch  is  insulated  from  the  frame  of  the 


clock.  In  Fig.  184  the  extremities,  T,  T,  T,  T,  are  titted  w 
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little  blocks  of  brass,  as  shown  also  at  b,  Fig.  t8$,  into  which 
bolts  screw,  for  the  purpose  of  attaching  the  iron  tongues. 
These  tongues  are  best  cut  from  soft  bar  iron  2|  inches 
long,  by  f  inch  wide,  by  £  inch  thick,  which  has  been  pre¬ 
viously  bent  into  a  ring  5^  inches  in  diameter  to  shape 
them.  They  can  be  annealed  by  heating  them  up  in  a  coal 
fire,  and  allowing  them  to  cool  in  a  less  intense  part  of  the 
fire,  as  the  coals  burn  out.  They  are  drilled  through  £  inch 
from  one  end,  and  after  receiving  a  coat  of  black  enamel 
paint,  are  bolted  in  position.  The  brass  spools  for  the 
magnets  next  demand  our  attention. 
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No.  9,  Fig.  185,  shows  these  .spools  and  how  to  make 
them.  Four  little  sections  of  the  thinnest  brass  tube  are 
carefully  cut  to  i-f-ineh  lengths,  having  an  internal  diameter 
of  -ft  inch.  Eight  brass  rings  are  turned  up  on  the  lathe  to 
just  fit  these  tube  sections,  with  an  outer  diameter  of  if 
inch  as  indicated  on  the  drawing.  These  rings  are  neatly 
soldered  to  the  tubes,  and  are  drilled  through  with  a  f-inch 
drill  for  the  reception  of  little  hard-rubber  plugs,  V,  V,  V, 
through  which  a  minute  hole  is  made  the  size  of  the  wire  to 
be  wound  on,  and  which  must  be  carefully  insulated  from 
the  spool,  especially  where  it  passes  through  the  rim,  or 
ring.  Before  winding  these  spools  the  inner  portions  are 
given  live  or  six  coats  of  shellac,  allowing  each  coat  to 
thoroughly  harden  before  the  next  coat  is  applied.  The 
winding  for  these  bobbins  consists  of  No.  26  single  silk- 
covered  wire.  The  most  attractive  color  to  go  with  the 
polished  and  lacquered  brass  work  of  the  clock  is  green. 
Eight  ounces  of  this  wire  are  required  for  the  four  spools, 
two  ounces  on  each.  This  wire  must,  of  course,  be  per¬ 
fectly  wound  in  even  layers,  not  only  for  appearance,  but  to 
enable  one  to  get  the  two  ounces  on  a  spool.  With  perfect 
winding  this  amount  of  wire  should  go  on  in  sixteen  layers, 
and  still  leave  about  inch  of  the  brass  ring  of  the  spool 
projecting.  This  wire  should  be  weighed  out  on  a  good 
pair  of  small  balances,  not  on  a  large  pair  of  scales  intended 
for  rough  work,  fis  one  frequently  meets  with  in  buying 
fine  wire.  Having  wound  these  bobbins,  the}”  are  mounted 
on  the  back  plate  of  the  clock  by  means  of  little  brass  strips 
running  through  the  spool,  and  bent  down  to  meet  the 
plate,  when  they  are  turned  over  to  form  little  “  ears,” 
through  which  small  holes  are  made  for  attaching  by  means 
of  bolts.  These  coils  are  connected  in  series  or  parallel  at 
will  through  the  agency  of  the  little  studs  on  the  plate,  E. 

We  are  now  ready  to  build  up  the  all-important  pen¬ 
dulum  and  adjust  it  for  the  place  where  the  clock  is  to  be 
run.  The  maker  of  this  clock  must  adjust  the  exact  length 
of  the  pendulum  by  experiment  wherever  lie  happens  to  be, 
as,  of  course,  the  length  will  not  be  the  same  for  different 
latitudes.  It  is  believed  the  views  of  the  pendulum  given 


rod  screws  into  a  little  yoke,  offsetting1  the  pendulum  §  of 
an  inch,  in  order  that  the  center  of  gravity  of  the  mercury 
bob  shall  fall  under  the  supporting  knife-edge.  This  off. 
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be  so  adjusted  that  the  bottoms  of  the  glass  tubes  contain¬ 
ing  the  mercury  fall  ioj  inches  below  the  edge  of  the 
supporting  knife.  The  pendulum  will  now  swing  and  ap¬ 
proximately  beat  seconds,  the  exact  adjustment  of  which 
will,  of  course,  take  considerable  time  experimenting  in 
combination  with  a  fine  watch  or  perfect  clock.  It  now 
remains  to  turn  up  the  clock  face  and  mount  it.  This  is  cut 
out  on  the  lathe  from  ^  inch  brass,  with  an  external 
diameter  of  5!  inches,  the  diameter  of  the  inner  aperture 
being  3$  inches.  This  is  mounted  on  a  brass  standard 
which  is  bolted  to  the  back  plate.  This  brass  standard  is 
made  from  material  measuring  f  by  £  inch  by  8  inches  long,, 
and  is  attached  to  the  back  plate,  G,  by  bolts  through  the 
three  vertically  drilled  holes  shown  in  the  detail  of  this 
plate  in  Fig.  183.  The  clock  face  is  attached  to  this  standard 
by  means  of  bolts  soldered  to  the  back  side  of  the  ring,  and 
kept,  out  from  1  he  standard  by  means  of  sleeves  made  from 
brass  tubing  which  just  slips  over  the  bolts.  'PI  1  esc  sleeves 
are  if  inch  long,  and  consequently  the  face  of  I  he  clock  is 
if  inch  from  the  standard,  allowing  room  for  the  gear 
wheels  and  their  mounting.  In  the  place  of  bolls  and 
sleeves,  brass  columns  can,  of  course,  be  employed  with 
better  appearance,  although  taking  more  time  to  make  and 
requiring  more  labor.  Having  mounted  the  clock  face  at 
the  top  of  the  standard,  the  bar  is  so  adjusted  to  the  back 


in  it  for  bolting  on,  that  there  is  a  space  of  one  inch  be- 
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entire  clock  will  turn  out  unsatisfactory.  It  is  absolutely 
necessary  that  this  wheel  be  large,  nothing  smaller  than  the 
one  illustrated  will  answer,  because  the  pins  will  have  to  be 
placed  closer  together.  With  a  generously  propoitioned 
wheel,  and  above  all,  accurately  spaced  pins,  the  wheel  will 
be  advanced  one  pin  for  each  swing  of  the  pendulum 
whether  its  arc  be  large  or  small,  within  reasonable  limits. 
The  writer  is  very  frank  in  stating  that  unevenly  spaced 


Fig.  186 


7— Seconds  Wheel.  8— Pendulum  Mount.  11— Dial  Work.  12— Knife-edge  Support. 


Details  of  Electric  Clock. 

pins  will  lead  to  failure  of  the  clock  to  keep  time,  because 
when  two  pins  come  round,  under  the  action  of  the  driving 
arm,  if  they  are  closer  together  than  the  others,  the  chances 
are  that  they  will  both  be  taken  under  the  cam  occasionally 
in  one  stroke,  .thus  causing  the  clock  to  gain.  Fig.  186  illus¬ 
trates  the  scheme  of  gearing  employed  in  almost  every 
clock  for  the  proper  control  of  the  hands.  These  gear 
wheels  may  be  taken  from  any  old  clock  and  be  made  to 
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answer  our  purpose  perfectly,  or  they  may  be  ordered 
from  gear  makers  if  the  reader  is  not  equipped  for  this 
class  of  work.  The  writer  recommends  the  use  of  gear 
wheels  taken  from  some  disused  clock.  They  are  easily 
altered  as  regards  their  bearings,  and  made  to  work  in  a 
simple  frame  as  indicated  in  I'igs.  1 8 1  and  182.  These  may 
be  mounted  almost  frictionless  with  care,  and,  of  course, 
some  little  skill,  thus  requiring  very  little  energy  to  move 
them  at  the  very  slow  rate  for  which  they  are  intended. 
The  pressure  of  the  little  arms  against  the  pins  of  the  second 
wheel  should  be  exceedingly  small,  no  springs  being  used, 
merely  little  weights  as  shown  in  the  figure.  The  hands, 
too,  must  be  perfectly  balanced  by  soldering  on  little 
counter-weights  adjusted  to  balance  perfectly  by  exper¬ 
iment. 

This  clock,  when  the  solenoids  are  connected  in  series, 
will  run  for  a  year  without  any  attention  whatever  on  from 
four  to  six  cells  of  bluestone  gravity  battery,  and  keep  very 
accurate  time.  It  will  run  for  much  longer  periods,  in  all 
probability,  when  connected  with  a  suitable  series  of  plates 
buried  in  the  earth,  and  connected  in  series.  The  writer 
has  not  yet  conducted  experiments  throughout  a  sufficiently 
long  period  of  time  to  have  studied  the  faithfulness  of  such 
an  earth  battery.  The  battery  should  consist  of  at  least  ten 
couples,  ten  plates  of  copper  and  ten  of  zinc,  connected  as 
a  series  battery,  and  buried  about  four  feet  below  the  sur¬ 
face  of  the  ground,  near  a  rain  spout.  These  plates 
should  be  12  to  18  inches  square,  and  at  least  inch 
thick.  They  are  packed  in  the  ground  about  four  inches 
apart,  and  connected  with  rubber-covered  wire. 

MEASURING  THE  HEAT  OF  THE  STARS. 

BY  MARY  PROCTOR. 

That  the  heat  of  the  stars  can  be  measured  nas  neon 
proved  by  Prof.  E.  F.  Nichols,  of  Dartmouth  College,  who 
has  invented  a  delicate  sensitive  instrument  known  as  the 


radiometer  and  specially  designed  for  this  purpose.  In 
1898  Prof.  Nichols  was  invited  by  Prof.  George  E.  Ilale  to 
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come  to  the  Yerkes  Observatory  and  experiment  with  the 
radiometer,  the  fine  equipment  of  the  observatory  l  wing 
placed  at  his  disposal.  The  invitation  was  accepted,  and 
Prof.  Nichols  spent  the  two  summers  of  1898  and  1900  in 
perfecting'  his  invention  and  testing  its  capabilities. 

The  case  of  the  instrument  was  made  of  a  block  of 
bronze,  which  was  bored  out  to  receive  it,  the  block  being 
about  2  inches  square  ami  4  inches  long.  The  case  was. 
perfectly  air-tight.  The  radiometer  suspension  of  torsion 
pendulum  was  built  up  on  a  thread  of  finedrawn  glass 
32  millimeters  long,  to  the  hover  end  of  whirl*  was  attached 
a  very  small  plane  mirror,  2.2  by  3  millimeteis  made  by 
silvering  a  fragment  of  very  thin  microscope  cover  glass. 

Km.  *87 


Radiometer  V«mm. 

To  the  upper  end  of  the  drawn  glass  was  attached  a  very 
fine  quartz  fiber  32  millimeters  long,  the  upper  end  of 
the  fiber  being  made  fast  to  a  bit  of  steel  wire,  which 
passed  up  through  a  small  hole  in  the  axis  of  the  tendon 
head  (a,  Fig.  188).  The  torsion  head  which  carried  the 
upper  end  of  the  suspension  was  in  turn  carried  on  a  small 
square  block  (£,  Fig.  188),  free  to  slide  in  a  slot  In  the  bridge 
(r,  Fig.  1 88)  permitting  the  suspension  to  be  brought  closer 
to  or  withdrawn  from  a  fluorite  window  in  the  front  of 
the  case. 

On  the  axis,  two-thirds  of  the  way  above  the  mirror,  and 
in  a  plane  at  right  angles  to  it,  a  delicate  cron  arm  of  drawn 
glass  was  fastened,  having  on  its  two  extremities  the  two 
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blackened  radiometer  vanes  {d  ef,  Fig.  i  S  8).  The  sensitive 
vanes  were  circles  about  2  millimeters  in  diameter,  which  to 
secure  lightness  and  uniformity  were  stamped  out  of  thin 
mica,  with  a  circular  steel  punch  made  for  the  purpose. 

The  vanes  were  uniformly  coated  with  lamp  black,  and 
mounted  as  symmetrically  as  possible  with  reference  to  the 
axis  ot  rotation  (E  F,  Fig.  188).  The  distance  between  the 
centers  of  the  vanes  was  4.5  millimeters,  and  they  were 
placed  from  2 . 5  to  3  millimeters  behind  the  fluorite  window. 
A  piece  of  good  plate  glass  was  cemented  over  the  opening 
in  the  side  of  the  radiometer  case,  through  which  the  deflec¬ 
tions  of  the  suspension  could  be  read  by  the  telescope  and 
scale  method. 

The  rays  of  the  star  projected  from  a  condensing  mirror 
(F,  Fig.  189)  entered  the  radiometer  by  passing  through  the 
fluorite  window,  and  could  be  directed  to  fall  on  one  of  the 
blackened  surfaces  of  the  suspension  vanes  behind  the  win¬ 
dow.  Through  a  window  in  the  back  of  the  case,  the  star 
image  in  the  radiometer  and  the  blackened  vanes  of  the  sus¬ 
pension  could  be  seen  at  the  same  time. 

The  heat  rays  of  the  star  falling  on  one  of  the  vanes  warm 
it  slightly,  and  in  accordance  with  a  principle  discovered  by 
Prof.  Crookes  a  surface  in  a  partial  vacuum  so  warmed  tends 
to  back  away  from  the  source  of  heat.  The  suspension  is 
thus  slightly  rotated,  as  the  fine  quartz  fiber  offers  little  re¬ 
sistance  to  any  force  tending  to  twist  it.  It  was  in  the  terms 
of  this  twist  of  the  fiber  caused  by  the  different  star  images 
that  the  heat  sent  us  by  the  stars  was  compared. 

The  experiments  with  the  radiometer  were  made  in  the 
heliostat  room  of  the  Yerkes  Observatory,  which  has  been 
purposely  designed  for  work  of  this  kind.  The  gallery  to 
the  left  of  the  double  partition  is  provided  with  a  movable 
roof  and  sides  which  slide  back  between  the  walls  of  the  in¬ 
closed  room  to  the  right,  leaving  only  a  low  parapet  above 
t he  level  of  the  floor.  The  only  openings  through  the 
double  partition  are  a  window  large  enough  to  admit  the 
beam  from  the  heliostat  (at  H,  Fig.  189)  and  a  passageway 
closed  by  double  doors. 

The  beam  of  starlight  from  the  heliostat  was  thrown 
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upon  a  2-foot  concave  mirror  (M,  Fig.  189),  of  7  feet  9  inches 
focal  length,  and  the  converging  cone  was  caught  on  a  small 
45  deg.  flat  mirror  (F,  Fig.  1H9),  4  by  6  inches,  and  directed 
thence  into  the  radiometer  case  (R,  big,  189 1,  passing 
through  the  flourite  window,  the  focal  point  lying  in  the 
plane  of  the  vanes. 

Fm.  188  Fm.  189  Fu;.  190 


Radiometer, 


Helinutat  and  Mirror*. 


//,  HdioMtRl :  if,  Mirror  mmeiw)  j  P,  Fl»t  Mirror :  T.  Tr}**ws,|w* ;  7  *,  »w««t4  Trlrswjir 

ol«crv«r  ;  A\  Kurllomrtrf  ;  S,  Scale :  t\ ,  Jh  *„  Ii«nr 


The  radiometer  (R,  Fig.  189)  was  mounted  on  u  wooden 
table,  standing  on  an  overhang  built  out  from  the  long  slate 
pier  shown  in  the  diagram.  An  observer  at  the  telescope 
(T,  Fig.  189)  read  the  deflection  of  the  radiometer  suspension 
in  millimeter  divisions,  on  a  reflected  scale  nt  S  ( Fig.  189I 
behind  and  above  him  at  a  distance  of  about  6  feet  from  the 


and  “  off  ”  observations  were  taken  and  averaged.  The  re¬ 
sults  were  quite  uniform,  the  radiometer  vane  showing-  ; 
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The  remaining-  parts  of  the  diagram  (Fig.  190)  correspond 
to  those  in  Fig.  189,  with  the  exception  of  the  radiometer, 
which  was  mounted  farther  back  in  the  covered  gallery 
than  in  the  arrangement  made  in  1898.  Fig.  191  shows  the 
radiometer  in  this  position  and  the  24-inch  mirror  used  in 
measuring  the  heat  rays  of  the  stars  and  planets. 

To  test  the  sensitiveness  of  the  instrument,  some  con¬ 
venient  standard  of  reference  was  required,  and  Prof.  Nich¬ 
ols  used  a  common  paraffine  candle  as  a  basis  for  his  experi¬ 
ments.  The  radiometer  having  been  thoroughly  tested  by 
means  of  these  experiments,  it  was  used  to  measure  the 
heat  of  the  stars  Arcturus  and  Vega  and  the  planets  Jupiter 
-and  Saturn  with  the  following  results  :  The  quantity  of  heat 
sent  from  Arcturus  was  found  to  be  somewhat  greater  than 
the  heat  which  would  be  received  at  a  given  point  from  a 
candle  six  miles  away,  if  none  of  the  candle’s  heat  were  ab¬ 
sorbed  by  the  atmosphere.  Observations  on  Vega  showed 
that  it  radiated  about  one-half  the  amount  of  heat  received 
from  Arcturus.  The  planet  Jupiter  sends  us  about  twice  as 
much  heat  as  Arcturus,  while  we  receive  from  Saturn  only 
heat  enough  to  equal  the  unabsorbed  radiation  of  a  candle  ten 
miles  away. 


THE  NERNST  LAMP. 

In  the  Nernst  lamp,  like  the  incandescent  lamp,  the 
radiating  body  is  a  filament  heated  by  the  passage  of  a  cur¬ 
rent,  either  alternating  or  direct.  The  filament  is  a  com¬ 
position  formed  by  mixing  rare  earths  with  a  refractory 
body.  Rare  earths  when  heated  to  the  approximate  tem¬ 
perature  of  the  incandescent  lamp  give  a  brilliant  white 
light.  The  quality  of  the  light  is  remarkable  for  its  close 
approximation  to  daylight,  giving  to  colored  objects  their 
true  appearance.  This  property  makes  the  lamp  especially 
desirable  in  stores,  art  galleries,  drawing-rooms,  etc. 

The  filament  is  a  non-conductor  at  a  low  temperature, 
and  therefore  some  device  must  be  employed  to  raise  its 
temperature  before  current  can  pass  through  it.  Accord¬ 
ingly,  a  platinum  resistance  called  a  “  heater  ”  is  provided 
for  bringing  the  filament  to  a  conducting  temperature.  The 
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crease.  Beyond  the  point  of  maximum  voltage  the  de¬ 
crease  in  resistance  of  the  glower  is  so  rapid  as  to  make 
the  current  difficult  of  control.  In  fact,  without  the  em¬ 
ployment  of  a  steadying  resistance  the  conducting  filament 
would  rapidly  develop  a  short-circuit  and  tlash  out.  This 
tendency  is  counteracted  by  placing  a  steadying  resistance, 
or  “ballast,”  in  series  with  the  glower.  Such  a  steadying 
resistance  placed  in  the  lamp  as  actually  constructed  rises 
in  temperature  and  increases  in  resistance  by  as  much  as 
the  glower  diminishes. 

The  glower  for  a  220-volt:  lamp  is  about  25  millimeters 
long  and  0.63  of  a  millimeter  in  diameter.  It  is  made  by 


Fiti,  l<)4, 


Parti  of  tho  Single-Glower  Lamp. 


forcing  through  a  die  a  dough  made  of  the  rare  earth  mixed 
with  a  suitable  binding  material,  cutting  the  porcelain-like 
string  thus  made  into  convenient  lengths,  drying,  roasting 
and  finally  attaching  lead-in  wires.  Embedded  in  the  ends 
of  the  glower  are  platinum  wires  ending  in  beads,  so  that' 
any  tendency  on  the  part  of  the  glower  material  to  shrink 
by  repeated  heatings  can  only  result  in  tightening  the  con¬ 
tact,  and  maintaining  intimate  union  between  the  platinum 
bead  and  the  glower.  To  the  platinum  beads  are  fused 
short  lead  wires  of  platinum,  to  which  in  turn  are  fastened 
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two  and  thrce-^Iower  lamias  taking  one  pair,  and  the  six- 
blower  two  pairs. 

The  lamp  is  entirely  automatie.  It  requires  a  cutout  to 
disconnect  the  heater  from  the  circuit  as  soon  as  the  flower 
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lamp.  On  removing  the  1-bolt  the*  housing  ntiucs  off  and 
we  lincl  the  steadying  resistance-bottles  placed  in  a  semi¬ 
circle  around  the  cutout.  The  connections  are  made  with 
small  aluminium  plugs  on  the  ends  of  the  inner  connecting 
wires.  All  parts  are  mounted  on  porcelain  ;  the  lamp  con- 
tains  no  combustible  material  whatever.  ’Hie  lamps  arc- 
made  of  from  50  to  2, exx)  candle  power.  There  is  one 
glower  in  all  lamps  of  50  candle  power,  and  the  number  in¬ 
creases  up  to  30  for  the  2,ocx)  candle  power. 

l'liciTooKArttiNc;  Till-:  ki.kcthic  arc. 

liY  PROF,  A.  C.  STUNK. 

It  is  conceded  that  the  classic  demonstration  in  the 
Royal  Institution  of  Great  Britain  in  tKio,  by  Kir  Humphry 
Davy,  when  the  voltaic  arc  was  first  exhibited,  presented 
the  beginning  of  a  world-famed  era  in  artificial  illumination. 
It  needs  but  a  glance  at  the  history  of  artificial  lighting  to 
see  that  some  of  the  greatest  minds  have  been  concerned  in 
the  final  production  of  that  most  powerful  of  artificial 
illumimints,  the  electric  arc.  Though  progress  in  its  tie. 
velopment  was  slowly  going  on  during  the  first  half  of  the 
century,  the  last  three  decades  have  witnessed  by  far  tin- 
most  phenomenal  results,  such  results  being  made  possible 
only  after  Gramme  had ,  in  1H70,  opened  the  way  by  the  in¬ 
vention  of  the  dynamo-electric  machine. 

Attention  is  frequently  called  to  the  almost  innumerable 
devices  and  improvements  used  upon  the  arc  light,  along 
the  lines  of  controlling  mechanisms  for  various  purposes, 
with  lamps  used  on  both  continuous  and  alternating current 
systems,  together  with  discussions  cm  the  substitution  of 
the  modern  inclosed  arc  for  the  open  arc,  and  allied  sub¬ 
jects.  The  question  of  the  carbons,  however,  does  not,  and 
at  present  need  not,  receive  quite  so  much  attention. 

For  our  purpose  it  is  necessary  to  consider  for  a 
moment  a  hit  of  the  history  in  art:  light  carbon  production, 
The  water-quenched  charcoal  pencils  employed  by  Davy 
had  soon  to  give  way  to  a  harder  form  of  carbon,  in  order 
to  obtain  even  moderately  satisfactory  results  with  the  arc. 
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Gas-retort  carbon  was  subsequently  used  for  some  years, 
and  though  it  was  sufficiently  hard,  it  contained  impurities, 
of  which  silica  was  a  very  important  one.  The  effect  of  such 
impurities  was  to  produce  a  constant  hissing,  and  frequent 
blowouts  as  well.  It  is  evidently  with  this  class  of  carbons 
that  the  illustrations  of  the  arc  so  frequently  seen  in  text¬ 
books  of  physics  and  electricity  have  been  made.  It  may 
be  more  accurate  to  say  that  drawings  made  of  the  arc, 
when  carbons  containing  large  quantities  of  impurities  were 
in  use,  have  been  copied  and  recopicd  from  an  early  date  in 
the  history  of  the  arc  down  to  the  present  time.  One  of 
the  commonest  of  these  representations  seems  to  have  been 
handed  down  from  an  early  drawing,  and  is  shown  in  Fig. 
197.  It  exhibits  a  number  of  globules  or  wart-like  forms  of 
matter  on  the  negative  carbon,  which  are  very  large  in 
comparison  with  the  carbon  pencil  itself.  It  does  not  seem 
just  to  doubt  the  correctness  of  this  representation,  for  in 
all  probability  it  was  made  when  the  carbons  contained  im¬ 
purities  to  such  an  extent  as  to  give  this  peculiar  appear¬ 
ance. 

It  is  interesting  to-day,  when  the  manufacture  of  carbons 
has  reached  such  a  state  of  perfection  that  the  carbons  are 
homogeneous  in  texture  and  almost  entirely  free  front  im¬ 
purities,  to  consider  the  vast  difference  in  their  appearance 
when  in  operation,  in  comparison  with  the  earlier  forms. 
This  comparison  is  facilitated  by  the  science  of  pho¬ 
tography,  which  has  reached  its  present  development 
during  practically  the  same  period  as  electricity-  This 
makes  it  possible  for  the  arc  to  now  tell  its  own  story,  and 
we  have  from  direct  photographs  the  exact  appearance  of 
the  arc  in  operation.  No  retouching  of  the  negatives,  or 
changes  in  them  to  the  least  extent,  have  influenced  the 
character  of  the  prints  for  the  half-tone  cuts  herewith 
shown.  No.  2,  Fig.  198,  shows  a  continuous-current  open  arc 
after  operating  for  seventy  minutes  at  no  volts  and  25 
amperes.  This  should  be  compared  with  Fig.  197  to  show 
the  superiority  of  the  present  carbons  ;  and  also  particularly 
to  exhibit  the  characteristic  bridge  of  incandescent  carbon 
particles  which  is  always  pTesent  between  the  poles.  The 
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upper  carbon  shows  the  crater  whence  the  major  part  of 
the  light  from  the  continuous-current  arc  emanates,  and  the 
appearance  of  this  positive  carbon  also  indicates  in  an  im- . 
perfect  way  the  doubly  rapid  rate  of  its  disintegration  com¬ 
pared  with  the  negative.  No.  3  is  another  illustration  of 
an  open  arc  after  two  hours’  operation  at  no  volts  with  25 
amperes.  The  arc  is  purposely  made  a  little  shorter  than 
in  No.  2  and  the  crater  is  less  prominent,  the  photograph 
being  taken  with  the  carbons  in  an  exactly  vertical  position. 
A  good  deal  of  trouble  was  experienced  in.  photographing 
the  arc  so  as  to  have  both  carbon  pencils  show  distinctly,  as 
well  as  the  arc  itself,  because  of  the  hot  gases  rising  about 


Fig.  197. 


Conventional  Picture  of  the  Arc. 


the  upper  carbon  and  obscuring  it.  This  difficulty  was:, 
finally  overcome  by  placing  a  second  arc  in  such  a  position 
as  to  hawe  its  light  focused  by  a  lens  upon  the  carbons  of 
the  light  to  be  photographed,  and  then  giving  either  a  pre¬ 
liminary  or  subsequent  exposure  of  the  carbons,  when  the 
arc  was  not  in  operation,  to  that  given  upon  the  burning 
arc.  The  exposure  of  the  cold  carbons  was,  of  course, 
several  thousand  times  that  of  the  arc.  No  color  screen 
was  employed  for  any  of  the  work,  as  it  seemed  better  for 
many  reasons  to  avoid  using  one  if  possible. 

No.  4  shows  an  alternating-current  open  arc  after  sixty 


PHOTOGRAPHING  THE  ELECTRIC  ARC. 


465 

minutes’  continuous  operation  at  108  volts  and  30  amperes. 
It  will  be  noticed  that  the  upper  carbon  appears  to  diminish 
in  size  a  trille  faster  than  the  lower,  due  to  the  hot  gases 
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a,  Continuous  current  open  are  after  burning  seventymlnutes,  3,  The  same  after  burning 
two  hours.  4,  Alternating  current  arc  after  burning  two  hours,  5.  and  6.  Inclosed 
arcs.  7.  Prom  reversed  negative. 

Photographing  the  Electric  Arc  Under  Various  Conditions. 
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tinuous-currcnt  inclosed  arcs  are  shown  in  Nos.  5  and  (>,  Fig. 
198.  These  pictures  were,  of  course,  made  through  the  inner 
C}dinder,  which  immediately  incloses  the  arc,  and  so  are 
less  distinct  than  those  of  the  open  arcs.  No.  5  illustrates 
the  disposition  of  the  alternating'  inclosed  arc  to  wander. 
No.  6  does  not  indicate  such  a  disposition,  though  it  is 
doubtless  present  to  some  extent  in  the  continuous  as  well 
as  the  alternating-current  light.  It  seemed,  however,  at 
the  time  of  photographing  that  the  tendency  of  the  alter¬ 
nating  arc  to  wander  was  much  greater  than  that  of  the 
continuous-current  arc.  The  results  thus  shown  at  Nos,  5  and 
6,  Fig.  198,  were  obtained  on  lamps  which  had  been  in  opera¬ 
tion  for  a  sufficient  number  of  hours  to  give  the  carbons  a 
normal,  typical  appearance,  yet,  the  photographs  are  quite 
unsatisfactory  in  some  respects,  and  it  is  the  intention  of 
the  writer  to  improve  upon  them  in  the  near  future. 


course,  on  the  ground  of  ancient  history  considerations,  m 
upon  that  of  incompleteness  and  incorrectness,  It  seems  of 
much  importance  that  new  books  should  exhibit,  so  far  as 
possible,  new  and  original  illustrations.  Such  illustrations 
appeal  to  the  eye  of  the  student  more  readily,  assist  in 
elucidating  points  in  the  text,  and  enhance  the  value  of 
the  book. 
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more  extended  and  on  a  larger  vScale,  than  any  at  present  in 
existence;  and  I  have  obtained  some  results  with  it,  espe¬ 
cially  in  the  subject  of  high  electromotive  force,  which  throw 
light  upon  many  mooted  points.  The  source  of  electricity 
which  produces  the  electrical  discharges  is  obtained  from 
ten  thousand  storage  cells.  From  these  cells  I  obtain  very 
approximately  twenty  thousand  volts,  and  by  means  of  a 
peculiar  apparatus  called  Plant6’s  rheostatic  machine,  I  am 
enabled  to  obtain  over  one  million  volts --which  enables  me 
to  experiment  with  powerful  discharges  in  air,  more  than 
four  feet  in  length. 
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separated  from  each  other  by  rubber  bands  and  are  im¬ 
mersed  in  dilute  sulphuric  acid.  The  surfaces  of  the  lead 
strips  are  roughened  by  a  chemical  device,  and  the  cells  are 
charged  in  multiple  circuit  by  means  of  a  dynamo  machine. 
When  the  cells  are  properly  formed,  each  one  gives  two 
volts  and  has  an  internal  resistance  of  one-quarter  of  an  ohm. 
The  problem  of  insulating  these  cells  was  a  serious  one ;  but 
it  was  practically  solved  by  mounting  the  cells  in  sets  of 
threes,  in  holes  bored  in  a  block  of  wood  which  had  been 
carefully  boiled  in  paraffine.  The  mechanician  of  the  labor¬ 
atory,  Mr.  George  Thompson,  devised  a  simple  switchboard 
which  enables  me  to  throw  the  cells  into  multiple  or  into 
series — to  use  the  entire  ten  thousand,  or  suitable  portions, 
of  this  number.  The  battery  gives  eight  amperes  of  current 
with  twenty  thousand  volts,  and  this  amount  of  energy  is 
amply  sufficient  to  kill  a  man.  By  accident  an  operator  re¬ 
ceived  a  shock  from  only  one  thousand  of  these  cells  and 
was  badly  shocked  and  burned.  It  is  prudent  therefore  in 
experimenting  with  this  battery  to  use  rubber  gloves,  even 
in  throwing  the  switches,  and  it  is  recommended  to  employ 
only  one  hand  covered  with  a  rubber  glove  and  to  keep  the 
other  hand  in  a  pocket. 

I  had  at  first  intended  to  use  this  large  battery  in  the 
study  of  electrical  discharges  through  Crookes  tubes,  but  I 
speedily  found  that  X  rays  could  not  be  excited  by  a  differ¬ 
ence  of  potential  represented  by  twenty  thousand  volts.  I 
found  that  at  least  one  hundred  thousand  volts  were  neces. 
sary  to  produce  them  strongly,  and  I  therefore  resolved  to 
construct  a  Plants  rheostatic  machine.  This  machine  is 
simply  an  apparatus,  by  means  of  which  Leyden  j^irs  are 
first  charged  in  parallel  and  are  then  discharged  in  series  or 
by  cascade.  That  is,  all  the  inside  coatings  of  the  jars  are 
connected  to  the  negative  terminal  of  the  ten  thousand  cells, 
and  all  the  outside  coatings  are  connected  to  the  positive 
terminal  of  the  cells.  When  the  cells  are  charged  the  inside 
of  one  Leyden  jar  is  connected  to  the  outside  of  the  next, 
and  so  on.  In  this  way  a  very  high  electromotive  force  can 
be  obtained.  I  use  sixty  Leyden  jars  in  the  form  of  plates 
of  glass  15  x  18  inches  coqted  on  both  sides  with  tinfoil 
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Starting  with  twenty  thousand  volts,  I  can  exalt  this  to  one 
million  two  hundred  thousand  volts.  The  accompanying 
illustration  (Fig.  200)  shows  the  Plants  machine.  The  me¬ 
chanician  of  the  laboratory  has  introduced  a  notable  im¬ 
provement  in  the  apparatus  of  Plants.  Instead  of  a  revolv¬ 
ing  commutator,  such  as  was  used  by  the  latter,  Mr. 
Thompson  employed  lever  arms,  by  means  of  which  the  jars 
were  first  charged  in  parallel  and  then  discharged  in  series. 
It  was  found  that  the  apparatus  designed  by  Plant6  could 
not  be  used  for  higher  voltages  than  one  or  two  thousand 
without  serious  error  and  loss.  By  means  of  this  apparatus 
I  can  study  electrical  discharges  at  least  4  feet  in  length — 
of  great  body — which  are  produced  by  an  electromotive 
force  of  one  million  two  hundred  thousand  volts.  This  ap¬ 
paratus  possesses  the  great  advantage  that  it  enables  one  to 
obtain  a  fairly  exact  measure  of  such  high  voltage.  When 
we  reflect  that  the  trolley  car  employs  only  five  hundred 
volts,  and  in  the  system  of  transmission  of  power  from  Ni¬ 
agara  Falls  it  is  proposed  to  use  only  ten  thousand  volts,  it 
is  evident  that  the  effects  produced  by  voltages  of  over  one 
million  must  be  of  great  scientific  interest. 

The  study  of  such  high  electromotive  forces  immediately 
showed  that  previous  estimates  of  the  electromotive  force 
necessary  to  produce  a  spark  of  a  certain  length  were 
highly  erroneous.  For  instance,  Heydeweiler,  a  German 
investigator,  believes  that  Prof.  Elihu  Thomson’s  state¬ 
ment  that  a  spark  of  5  feet  in  length  which  he  produced  re¬ 
quired  a  voltage  of  five  hundred  thousand,  is  very  wide  of 
the  mark,  and  Heydeweiler  maintains  that  one  hundred 
thousand  would  be  nearer  the  truth.  I  find  that  even  Prof. 
Thomson's  estimate  must  be  more  than  doubled.  Experi¬ 
ments  with  my  apparatus  show  conclusively  that  the  length 
of  the  electric  spark  between  points  separated  by  more  than 
one  inch  varies  directly  with  the  electromotive  force.  A 
spark  forty- eight  to  fifty  inches  in  length  requires  an  elec¬ 
tromotive  force  of  one  million  two  hundred  thousand  volts, 
and  a  discharge  of  lightning  one  mile  long  would  therefore 
require  the  enormous  number  of  over  one  hundred  million 
volts.  In  reflect  ing  upon  the  development  of  such  enormous 
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Plan(6  Rheostatic  Machine. 
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energy  in  the  air  we  can  understand  why  telephone  bells 
ring  during  a  thunderstorm  ;  why  subsidiary  sparks  occur 
in  networks  of  wires  ;  and  why  telegraphic  messages  are  in¬ 
terrupted.  The  world  beneath  the  thunderstorm  throbs  and 
pulsates  with  the  oscillatory  discharges  of  lightning. 

One  of  the  most  interesting  results  of  my  study  of  pow¬ 
erful  disruptive  discharges  is  the  discovery  that  such  dis¬ 
charges  will  pass  through  glass  tubes  which  are  exhausted 
to  such  a  high  degree  that  they  are  said  to  contain  a  vacuum  ; 
for  the  8-inch  spark  of  a  RuhmkorfT  coil  prefers  to  jump 
around  the  tube  to  passing  through  the  extremely  rarefied 
space  in  the  interior  of  the  tube.  Such  tubes,  however,  are 
brilliantly  lighted  by  a  difference  of  potential  of  a  million 
volts  and  readily  .show  the  X  rays,  and  exhibit  the  skeleton 
of  the  hand  in  a  fluoroscope.  The  so-called  brush  discharge 
from  the  positive  terminal  of  the  Plantd  machine  extends 
visibly  to  a  distance  of  over  a  foot.  If  the  hand  is  exposed 
to  this  brush,  it  produces  the  well-known  X  ray  burn,  such 
as  various  investigators  have  received  in  taking  photographs 
of  the  skeletons  of  their  hands,  or  in  testing  the  condition  of 
Crookes  tubes  by  exposing  their  hands  before  a  fluoroscope. 
The  skin  of  the  hand  becomes  irritable  and  turns  a  bright 
red  color,  especially  after  exposure  to  cold  winds. 

The  result  interested  me  greatly  ;  for  it  proved  that  the 
so-called  X  ray  burn  could  be  produced  by  the  brush  dis¬ 
charge  of  very  high  electromotive  force.  The  extent  of  the 
influence  of  this  powerful  brush  discharge  is  very  great. 
For  instance,  photographic  plates  in  a  plate  holder  carefully 
insulated  from  the  ground  and  covered  with  a  plate  of  glass 
half  an  inch  in  thickness  show  the  inductive  action  of  the 
brush  discharge  from  the  positive  terminal,  which  is  distant 
at  least  a  foot.  These  inductive  effects  are  manifested  by 
star-shaped  figures  on  a  photographic  plate.  They  are  sur¬ 
rounded  by  dark  clouds.  When  the  burn  on  the  back  of 
one's  hand  produced  by  such  brush  discharges  is  examined 
by  a  microscope  similar  centers  of  disturbance  (in  this  case 
points  of  inflammation)  are  seen.  Although  the  Leyden  jars 
of  my  machine  are  carefully  insulated  on  supports  of  vul- 
whlrh  are  mounted  on  drv  wood,  which  in  turn  is 


supported  on  rubber,  I  can  obtain  a  discharge  of  more  than 
2  feet  in  length  when  I  bring  a  point  connected  to  the  steam 
pipes  to  the  neighborhood  of  one  terminal  of  the  machine. 
The  other  terminal  of  the  machine  is  carefully  insulated, 
This  experiment  shows  conclusively  that  it  is  of  no  use  to 
insulate  lightning  rods.  My  experiments  thus  far  show  that 
no  vacuum  which  I  can  produce  can  resist  the  discharges 
which  are  caused  by  one  million  volts.  It  now  Iktouh  s  an 
interesting  question  whether  there  exists  mechanical  or 
chemical  means  by  which  a  so-called  vacuum  can  be  produced 
which  will  resist  such  discharges. 

THE  ELECTRICAL  PLANT  OF  THE  JEFFERSON  PHYSICAL 

LUtORATORY. 

UY  PROP.  JOHN  TROWinunOK. 

The  Jefferson  Physical  Laboratory  of  Harvard  Univer¬ 
sity  has  at  present  the  most  extensive  plant  for  the  study  of 
high  tension  electricity  in  the  world.  It  consists  of  2uftmo 
storage  cells  with  transformers  which  can  exalt  the  normal 
voltage  of  these  cells — 44,000  volts- -to  6,4x10,000.  A  higher 
voltage  could  be  obtained,  but  I  have  discovered  that  even 
3,000,000  volts  is  not  realized  in  the  length  of  the  electric 
discharge,  which  should  be  to  fret— as  long  as  the  ap¬ 
paratus  is  inclosed  in  a  room  with  walls  of  brick.  It  will 
be  necessary,  if  the  effects  of  high  voltage  are  to  be  studied 
in  regard  to  their  full  disruptive  effects,  to  place  the  ap¬ 
paratus  in  an  open  field,  and  at  least  30  feet  above  the 
surface  of  the  ground. 

In  a  previous  article  I  described  the  type  of  cell  and 
the  peculiarities  of  my  transformer.  I  wish  to  describe  in 
this  article  some  new  results  I  have  obtained  with  the 
greatly  increased  size  of  the  battery. 

The  plant  occupies  a  room  in  the  laboratory  approxi¬ 
mately  30  by  60  feet.  The  battery  is  contained  in  closets  with 
doors  to  protect  from  the  dust  Pig.  201  gives  a  general 
view  of  these  closets  with  the  racks  of  cells. 

Glass  condensers  serve  the  function  of  Leyden  jars. 
There  are  twelve  of  these  trays,  carrying  tvventv-five  glass 
plates  each,  there  being  thus  three  hundred  plates  in  all. 
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'The  condensers  are  made  •§•  of  an  inch  in  thickness,  and 
they  have  a  coated  surface  of  tinfoil,  16x20  inches  ;  the 
capacity  of  the  entire  condenser  in  multiple  is  about  1.8 


Fig.  aoi 
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microfarads.  When  the  condensers  are  charged  to  20,000 
volts  and  discharged  in  series  a  spark  feet  in  the  air  is 
produced.  As  I  have  previously  said,  a  longer  spark  can¬ 
not  be  produced  as  long  as  the  apparatus  is  situated  in  a 
room  and  not  in  an  open  space. 

I  have  lately  made  some  interesting  experiments  in 
regard  to  the  question,  “  Can  lightning  pass  through  a 
small  orifice?”  And  I  mention  these  experiments  in  this 
connection  to  illustrate  the  character  and  behavior  of  these 
powerful  discharges.  A  plate  of  glass  5  feet  square  and  i 
of  an  inch  thick  was  placed  between  the  spark  terminals. 


Fig.  aoa 


Discharge  at  High  Potential. 
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large  sheet  of  paper  in  front  of  the  glass.  After  the  dis¬ 
charge  it  was  found  closely  adhering  to  the  glass,  while  its 
presence  did  not  modify  the  general  appearance  of  the 
spark  shown  by  the  photograph ;  furthermore,  when  the 
hole  in  the  plate  is  entirely  closed  by  paraffine  and  the 
spark  terminals  arc  placed  opposite  each  other,  about  4  feet 
apart,  with  the  glass  plate  midway  between  them,  a  spark 
will  jump  from  one  terminal  to  the  surface  of  the  glass, 
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Discharge  Through  Paraffined  Paper. 
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action  at  these  forks  or  sinuosities,  and  accordingly  hung 
up  a  large  sheet  of  paraffined  paper  on  the  glass  and  photo¬ 
graphed  the  discharge  through  the  translucent  paper. 
After  the  discharge  the  paper  was  found  to  be  blown  out  in 
rents  at  points  corresponding  exactly  to  the  forks  or  sinu¬ 
osities  of  the  discharge.  I  have  arranged  a  photograph  of 
the  spark  and  a  photograph  of  the  rents  in  the  paper  near 
each  other,  and  it  will  be  seen  how  closely  the  explosions 
correspond  to  the  forks.  Is  it  not  possible  that  the  peculiar 
rolling  of  thunder  coming  apparently  from  a  single  dis- 


Fig.  204 


Deflagration  of  the  Wire. 


charge  of  lightning  may  be  due  to  successive  explosions 
along  the  same  spark  many  hundred  feet  apart?  The 
discharge  of  the  condensers  in  multiple,  however,  has  more 
scientific  interest  than  the  discharge  in  series,  for  by  its 
means  great  heat  can  be  generated  in  a  confined  space, 
giving  probably  the  highest  instantaneous  temperature 
which  has  been  attained.  The  following  experiment  illus¬ 
trates  the  quantity  of  this  discharge ;  a  fine  iron  wire  about 
six  inches  long  was  stretched  around  the  spark  gap,  serving 
as  a  shunt  to  the  latter.  It  was  found  that  the  wire  was 
deflagrated,  Fig.  204,  at  the  instant  that  a  spark  passed  across 
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the  air  gap.  This  leads  me  to  think  that  a  small  spark 
could  occur  under  certain  conditions  inside  a  metallic  cage, 
and  in  the  case  of  very  powerful  lightning  discharges  a 
wire  cage  would  not  be  a  perfect  protection  for  a  powder 
magazine. 

I  have  used  the  strong  current  from  the  entire  battery 
to  excite  discharges  in  hydrogen,  for  the  spectroscopic 
study  of  this  gas  is  of  the  highest  interest,  since  it  is  ap¬ 
parently  the  chief  constituent  of  the  atmosphere  of  a  great 
number  of  stars,  and  it  is  the  constituent  of  the  flames  of 
the  sun.  From  my  spectroscopic  study  I  find  that  aqueous 
vapor  becomes  manifest  in  all  glass  vessels  which  I  have 
examined  filled  with  apparently  pure  dry  nitrogen  or 
hydrogen.  The  powerful  discharges  drive  off  the  aqueous 
vapor  from  the  glass,  notwithstanding  the  glass  has  been 
subjected  to  a  long  process  of  heating  to  expel  the  vapor 
dur  tig  the  exhausting  of  the  tubes. 

The  most  interesting  result,  however,  I  have  obtained 
with  this  great  battery  is  the  production  of  the  X  rays  for 
the  first  time  by  a  steady  current.  An  X  ray  tube  is  simply 
connected  to  the  terminals  of  the  battery  and  a  water 
resistance  of  perhaps  a  million  ohms  is  inserted  in  the 
circuit ;  the  tube  is  then  heated  by  an  external  source  of 
heat.  In  an  instant  the  tube  lights  with  a  most  brilliant  ex¬ 
hibition  of  X  rays,  and  photographs  taken  by  means  of 
them  show  unmistakable  evidences  of  the  tendons  and 
muscles.  I  believe  that  when  the  right  conditions  are 
reached  I  shall  obtain  satisfactory  photographs  of  these 
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BY  PROF.  JOHN  TROWBRIDGE!. 

I  believe  that  the  following  experiments  show  that  light¬ 
ning  never  strikes  the  surface  of  the  sea.  In  studying  the 
spectrum  of  water  vapor,  I  have  often  endeavored  to  pass 
powerful  sparks  to  the  surface  of  water,  in  order  to  obtain  a 
strong  spectrum  from  the  resulting  volatilization.  In  every 
case  sparks  of  high  electromotive  force  resembling,  as  far  as. 


478 


EXPERIMENTAL  SCIENCE —  AIlI*KX I >X X. 


possible,  lightning  discharges,  being  with  my  apparatus  6 
feet  in  length,  refuse  to  strike  the  surface  of  a  level  basin  of 
water,  and  pass  to  the  edges  of  the  containing  vessel.  Even 
if  the  terminal  is  brought  close  to  the  surface  of  the  water, 
only  a  brush  discharge  manifests  itself.  In  one  experiment 
I  inclosed  water  in  the  ends  of  a  vacuum  tube,  Fig,  205,  I  lav 
ing  exhausted  the  tube  to  the  point  of  the  vapor  tension  of 
water,  I  endeavored  to  force  a  discharge  from  the  surface  of 
the  water  A  to  that  of  B.  This  was  found  to  be  impossible. 

I  was  led  to  these  experiments  with  the  desire  to  obtain 
a  spectrum  of  water  vapor  which  would  be  free  fmm  all 

Kit;.  305. 


susDicion  of  the  metallic  lines  of  the  terminals  employed. 
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Fig.  206.  A  step-up  transformer,  giving  powerful  discharges 
with  a  difference  of  potential  of  one  or  two  hundred  thou¬ 
sand  volts,  was  connected  to  two  vessels  of  water  which  de¬ 
livered  two  streams  of  water.  It  was  interesting  to  see  the 
tAVO  streams  approach  each  other  under  the  effect  of  the 
alternating  plus  and  minus  charges.  When  the  streams 
were  attracted  sufficiently  near  each  other  a  spark  passed 
which,  on  account  of  the  high  resistance  of  the  water,  did 
not  give  sufficient  light  for  spectrum  analysis.  When  salt 


Fig.  306 


was  dissolved  in  the  water  a  brilliant  spectrum  of  sodium 
vapor  was  obtained.  The  experiment  affords  a  good  class 
illustration  of  the  attraction  of  alternating  currents,  but  did 
not  serve  rny  purpose  in  studying  water  vapor.  It  does  not 
seem  probable  that  lightning  discharges  pass  through  regions 
in  the  air  of  heavy  rainfall. 

Lisrhtnimr  discharges  which  seem  to  strike  the  sea  reallv 
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strike  the  water.  It  is  remarkable  that  sufficient  electric 
density  can  accumulate  in  the  clouds  to  allow  a  discharge 
from  one  region  to  another.  I  have  reason  to  believe  from 
my  experiences  with  powerful  discharges  that  we  underrate 
the  quantity  and  voltage  of  lightning. 

Benjamin  Franklin  would  never  have  tried  his  famous 
experiment  if  he  had  previously  used  an  apparatus  similar 
to  mine. 

Having  failed  to  obtain  the  water-vapor  spectrum  with 
the  use  of  water  terminals,  I  turned  my  attention  to  the  pro¬ 
duction  of  the  electric  spark  under  water.  Certainly  in  this 
case  I  should  have  the  liglr  of  aqueous  vapor  in  excess  of 
the  light  of  the  metallic  terminals.  I  found  it  was  difficult 
to  produce  a  spark  under  distilled  water  by  the  simple  im¬ 
mersion  of  the  terminals.  It  was  necessary  to  seal  platinum 
wires  in  glass  tubes,  and  these  wires  should  not  emerge  from 
the  glass  tubes  to  a  greater  distance  than  half  an  inch,  and 
moreover  should  be  immersed  but  a  short  distance  below  the 
surface  of  the  water,  if  the  water  is  contained  in  a  glass  tube 
of  not  more  than  2  inches  in  diameter.  If  they  are  immersed 
to  a  depth  of  even  2  inches  the  sparks  I  employ  will  instantly 
shatter  the  glass  tube.  The  light  of  the  electric  spark  under 
water  is  extremely  brilliant  and  resembles  that  of  an  inclosed 
arc  lamp.  There  are  no  lines,  however,  in  its  spectrum. 
The  spectrum,  in  other  words,  is  continuous  and  like  that  of 
an  incandescent  solid.  How  shall  we  picture  to  ourselves 


oxygen  and  hydrogen  which  are  set  free  from  the  water,  or 
is  it  possible  that  the  particles  of  water  vapor  sufficiently  re¬ 


als©  shows  a  continuous  spectrum  underlying  the  bright 
lines  which  are  due  to  oxygen,  hydrogen  and  nitrogen.  It 
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merits  with  electric  sparks  above  and  below  the  surface  of 
the  water.  It  consists  of  a  continuous  spectrum  with  marked 
bands  and  collection  of  fine  lines,  which  are  collected  to¬ 
gether,  especially  in  the  blue  and  violet  parts  of  the  spec¬ 
trum,  which  is  represented  in  the  accompanying  photograph. 

I  have  said  that  it  was  necessary  to  be  careful  with  the 
employment  of  powerful  sparks  beneath  the  water  or  oil  in 
glass  tubes  smaller  than  2  inches  in  diameter.  The  glass 
is  immediately  shattered  by  an  explosion  which  is  not.  due 
to  heated  air  suddenly  expanding.  I  am  inclined  to  at¬ 
tribute  the  explosion  to  the  combination  of  hydrogen  with 
bubbles  of  air  or  oxygen.  The  dielectric  is  filled  with  a  line 
cloud  of  gaseous  particles.  When  the  surface  of  the  water 
is  covered  with  a  thin  film  of  oil,  the  water  immediately, 
under  the  effect  of  the  electric  discharge,  becomes  opal- 


Fiti,  a  7. 


Spectrum  of  Water  Vapor. 


escent  and  remains  so  for  weeks.  Thus  we  have  an  inter¬ 
esting  case  of  troubled  solutions.  It  seems  to  he  an  electric 
emulsion  formed  by  the  liberation  of  extremely  minute 
particles  of  gas  or  air  which  become  coated  with  oil  and  we 
thus  have  a  medium  filled  with  millions  of  minute  soap 
bubbles. 

In  Fig.  207  the  broader  spectrum  is  that  of  water  vapor  and 
air  lines  in  the  blue  and  violet.  The  narrower  spectrum  is 
that  of  the  corresponding  regions  of  the  sun’s  spectrum. 
The  photograph  was  taken  with  a  Rowland  concave  grating 
and  is  therefore  normal. 

The  explosion  is  analogous  to  that  of  a  dust  explosion, 
with  minute  bubbles  of  gas  instead  of  minute  particles  of 
carbonaceous  matter  submitted  to  quick  combustion.  It 
may  be  that  the  report  of  lightning,  apart,  of  course,  from 
the  rolling  of  the  thunder,  b  due  to  the  explosion  of  the  dis- 
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sociatcd  gas  particles.  When  lightning  exhibits  a  zigzag 
path,  it  occurs  in  low  regions  of  the  atmosphere,  certainly 
below  a  thousand  feet.  Its  spectrum  wilt  therefore  show 
the  ordinary  atmospheric  lines  with  a  continuous  spectrum 
underlying,  which  is  intensified  where  the  hydrogen  and 
aqueous  lines  occur,  as  seen  in  the  accompanying  photo¬ 
graph.  The  hydrogen  lines  are  very  broad.  When  the  dis¬ 
charge  is  above  a  thousand  feet  it  loses  its  zigzag  character, 
and  with  the  same  voltage  as  in  lower  altitudes  can  be  of 
great  lengh.  At  still  higher  regions  we  have  the  aurora. 
Water  vapor  plays  a  controlling  part  in  all  these  phases  of 
lightning, 

THE  CONSTRUCTION  OF  A  VOLTMETER  AND  AMMETER  SUIT¬ 
ABLE  FOR  A  SMALL  SWITCHBOARD. 

BY  NKVIL  MONROI5  HOPKINS. 

Dynamo  and  motor  tending,  unaccompanied  by  suitable 
means  for  reading  the  voltage  value,  current  strength,  and 
power,  whether  for  commercial  or  experimental  purposes, 
places  the  electrician  in  charge  of  a  machine  in  an  inefficient 
capacity,  when  not  in  an  altogether  impossible  role.  As  an 
accompanying  equipment  for  the  numerous  small  motors 
and  generators,  the  working  drawings  and  designs  of  which 
are  to  be  found  in  the  columns  of  the  various  technical 
periodicals,  the  little  indicating  instruments  described  for 
construction  in  the  following  pages  are  primarily  intended. 
With  a  sensitive  voltmeter  placed  across  the  feeders  of  one 
of  these  small  machines,  the  speed  of  its  armature  can  be 
“  observed”  and  held  constant,  and  with  a  delicate  ammeter 
included  in  its  circuit,  the  very  pulse  of  the  machine  can  he 
“  felt  ”  at  any  instant  of  its  performance. 

It  is  with  the  wish  of  assisting  those  who  have  con¬ 
structed  electrical  machinery  on  a  small  scale  that  the 
writer  gives  the  following  directions  for  making  simple 
forms  of  indicating  instruments,  and  gives  instructions  for 
their  calibration  and  care.  Instrument  making  requires 
considerable  skill  and  nicetv  of  wnrkimmJim  mu\  ti.». 
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sensitive  and  delicate  action  of  their  product  to  work  with 
neatness  and  care,  approaching  the  exactness  of  the  watch- 

Fltv.  208 


Voltmeter. 

. m.u.  nnlv  in  turning  and 
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scats,  but  in  the  entire  assembling'  of  all  portions  and  t licit 
final  adjustment.  These  instruments,  carefully  and  accu¬ 
rately  made,  will  fully  repay  one  for  the  time  ami  slight 
expense  incurred.  The  voltmeter  and  the  nnuuctci  ntc  illus¬ 
trated  in  Figs.  209  and  210,  respectively,  with  plan  and  edge 
views  which  arc  the  reproductions  of  working  dtaw  ings. 
The  voltmeter,  which  we  will  first  take  up,  embodies  the 
well-known  principle  of  the  old  D  Arson val  galvanometer, 
which  has  won  for  itself  such  universal  popularity  in  line 
laboratory  measurements.  As  will  be  seen,  t lie  fields  of  this 


Fit:.  209 


Front  and  Side  View  of  Small  Switchboard  Voltmeter,  Made  trmn 
Horseshoe  Magnets, 


voltmeter  are  made  from  a  pair  of  common  horsesmu*  mag¬ 
nets,  bolted  together,  and  cored  out  cm  the  lathe  to  receive 
the  little  moving  coil  of  wire.  The  reading  scutes  as  given 
in  the  illustrations  are  of  arbitrary  character,  and  not  the 
result  of  calibration,  which  will  he  discussed  later.  The 
most  satisfactory  way  to  commence  the  making  of  this  in¬ 
strument  is  the  choosing  and  cutting  out  of  the  magnets. 
For  the  purpose  will  recpiire  two  6»inch  magnets,  tueastn  ing 
from  the  tips  of  the  poles  to  the  outside  curve  at  the*  tup. 
chosen  well  mated,  that  is  to  say  of  the  same  shape  as  near 
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as  possible,  in  order  that  they  will  coincide  at  the  poles 
when  bolted  together.  Any  slight  overlapping,  of  course, 
is  not  serious,  for  the  boring  out  on  the  lathe  after  the  two 
magnets  are  firmly  bolted  together  reduces  all  vital  irregu¬ 
larity,  cutting1  the  cylindrical  opening  from  the  two  thick¬ 
nesses  of  steel  absolutely  true. 

The  magnets  are  now  placed  in  a  charcoal  furnace  one 
at  a  time,  and  are  raised  to  a  cherry  red  heat,  and  allowed 
to  cool  slowly  in  a  less  intense  portion  of  the  fire.  This 
annealing  hs  necessary  in  order  to  allow  of  the  cutting  out. 


FlO.  310 


From  arid  Sides  Vknv  of  Small  Switchboard  Ammeter,  Showing1  Side  in 

Partial  Section. 

and  drilling  for  the  bolts  and  screws,  as  the*,  magnets  are 
made  from  excellent  hard  steel,  and  when  tempered  are 
worked  with  the  greatest  difficulty,  if  they  can  be  worked 
at  all.  I  laving  drawn  the  temper,  and,  of  course,  in¬ 
cidentally  the  magnetism,  the  coring  and  drilling  of  the 
steel  is  a  very  easy  matter.  It  will  he  observed  that  the 
poles  ant  separated  by  a  very  small  gap,  in  some  6-in  eh 
magnets  only  about  inch.  In  order  to  make  a  sufficiently 
large  lathe  cutting  for  the  movable  coil  of  wire  without 
borhifg  away  the  best  portion  of  the  steel  at  1  he  poles,  they 
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must  be  separated  through  a  distance  of  at  least  $•  inch. 
This  reason  will  be  made  clear  by  a  glance  at  the  figures 
illustrative  of  the  bored-out  magnet.  'This  separating  is 
easily  accomplished  by  placing  the  magnets  in  a  vise  in  the 
manner  indicated  in  Fig.  21 1. 

The  poles  are  placed  directly  against  one  jaw  of  the 
vise,  and  an  iron  rod  is  slipped  in  between  them  in  such  a 
way  that  it  rests  against  the  second  jaw.  By  holding  this 
rod  firmly,  and  keeping  it  in  a  vertical  position,  when 
screwing  up  the  vise,  the  pole  pieces  can  be  forced  apart  to 


Fic.  211. 


-Method  of  Separating  Horseshoe  Magnet  Bored 

Magnet  Poles.  Out  und  Drilled. 

almost  any  desired  extent.  Having  spaced  the  poles  just 
f  inch  on  each  magnet,  they  are  carefully  placed  together 
in  a  small  hand  vise,  and  firmly  clamped  for  drilling.  The 
position  of  the  holes,  which  are  just  inch  in  diameter, 
with  the  exception  of  the  two  small  ones,  is  shown  in  Fig. 
212.  The  upper  holes  are  just  i§  inches  from  the  pole  tips, 
carefully  measured,  and  the  third  hole  is  drilled  through 
the  center  of  the  curving  portion  as  shown.  At  an  exact 
distance  of  4$  inches  from  the  poles  are  drilled  the  two 
smaller  holes  which  are  to  receive  the  screws  of  the  scale 
plate. 
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I  laving  completed  this  drilling,  temporary  iron  bolts 
must:  be  pat  in,  and  their  nuts  turned  firmly  on,  holding  the 
lnagnu'ts  securely  together  for  the  boring  out  on  the  lathe. 
This  boring  or  circular  opening  must  be,  as  indicated,  just 
1  ^  inches  in  diameter,  and  is  cut  with  a  regular  boring  tool, 
witli  the  work  bolted  on  a  lathe  face  plate.  The  magnets 
must;  be  so  placed  on  the  face  plate  that  the  limit  of  the  cir¬ 
cular  cutting  just  reaches  the  poles,  leaving  no  mass  of 
metal  there  for  the  lines  of  magnetic  force  to  leak  between. 
We  can  now  remove  the  work  from  the  lathe,  but  before 
taking’  the  magnets  apart:,  they  must  he  marked  with  a  file 
in  order  that  they  may  be  reassembled  correctly  after  tem¬ 
pering  and  magnetizing.  They  are  now  placed  separately 
in  the  fire  for  the  second  time,  ancl  raised  in  temperature  to 
a  full  cherry-white  color,  and  plunged  immediately,  poles 
downward,  into  a  large  pail  of  ice-cold  water.  This  most 
effectually  replaces  the  temper,  making  the  steel  so  hard 
that*  it  is  not  possible  to  work  it  afterward,  and  it  is  for  this 
reason  that  the  holes  for  the  bolts  and  scale  screws  must  be 
verv  carefully  and  accurately  located  beforehand. 

In  order  to  replace  the  magnetism,  it  is  only  necessary 
to  draw  the  magnets  separately  over  the  poles  of  a  power¬ 
fully  excited  electromagnet.  The  horseshoe  magnet  is 
allowed  to  strike  the  poles  of  the  electromagnet  with  some 
little  force  about  midway  up,  when  it  is  drawn  backward 
ancl  pulled  away.  This  process  is  repealed  about  a  dozen 
t  imt*s  with  each  magnet,  and  the  two  are  finally  laid 
tog^et  her,  with  their  like  poles  of  course,  in  contact.  The 
eU*<*t  romagnet  is  best  made  for  and  operated  with  an 
clfcrt  ric  lighting  current,  and  will  prove  a  most  useful 
add  it  ion  to  any  experimental  shop.  The  iron  cores  of  this 
magnet,  should  be  at  least  1  inch  in,  diameter,  and  be  pro- 
vidtul  with  bobbins  or  spools  sufficiently  large  to  hold  the 
pt*<  »per  length  of  wire  of  the  right  resistance  to  be  con- 
nccted  direct  with  the  electric  circuit.  As  the  most  simple 
ap  pH  ration  of  Ohm’s  law  in  combination  with  the  carrying 
capac  ity  of  a  given  wire  and  its  resistance  suffices  for 
making  electromagnets  of  all  sizes,  it  is  not  deemed  nc  Ces¬ 
sna  r  v  to  give  the  space  here  to  detailed  directions  for  dif- 
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ferent  wires  and  lighting  pressures,  because  of  the  un¬ 
doubted  ability  of  the  reader  to  design  and  make  just  what 
he  needs  in  this  line  himself. 

Having  the  magnets  drilled,  bored,  tempered,  and  mag¬ 
netized  to  such  an  extent  that  they  will  lift  two  or  three 
times  their  weight,  which  is  readily  accomplished  if  the 
electromagnet  used  was  powerfully  excited,  we  can  lay 
them  aside  for  the  present,  and  take  up  the  work  which  re¬ 
quires  the  greatest  care  and  attention.  This  work  consists 
in  making  and  winding  the  little  movable  coil,  and  in  pro¬ 
viding  it  with  its  steel  pivots.  The  frame  of  this  coil  must 
be  light,  and  preferably  of  insulating  material,  in  order  to 
eliminate  the  danger  of  grounds  and  short  circuits.  The  ma¬ 
terial  chosen  for  the  purpose  is  cardboard,  cut  with  a  sharp 


Fig.  213. 
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Portions  of  Frame  for  Movable 
Coil. 


Fig.  214. 


Method  of  Mounting  Frame  in 
Lathe  for  Winding. 


knife  in  use  with  a  steel  straight  edge,  from  a  stiff  visiting 
card.  Fig.  213  illustrates  the  simplicity  of  making,  the  two 
little  frames  being  cut  out  accurately  to  size,  as  shown  at  A, 
where  the  dimensions  are  marked  on  the  diagram  in  frac¬ 
tions  of  inch.  At  B  we  have  simply  a  little  frame  bent  to 
shape,  for  gluing  between  the  two  cut-out  frames,  which  give 
the  whole  stiffness  and  strength  as  soon  as  put  in  com¬ 
bination.  At  C  we  have  the  framing  complete,  looking  at 
it  from  its  upper  edge.  The  gluing  together  must  be  very 
neatly  done,  and  the  work  must  be  absolutely  true  when 
finished.  Several  coats  of  orange  shellac  must  now  be 
applied  inside  and  out,  and  when  hard,  a  tiny  hole  is  drilled 
through  the  upper  left-hand  corner  as  shown  in  the  figure 
at  A.  The  frame  is  now  arranged  for  winding  with  its  fine 
wire,  which  is  conveniently  mounted  for  revolving  in  the 
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lathe  as  indicated  in  Fig.  2 14.  Here  we  have  an  edge  view 
ttf  the'  little  bobbin  at  D,  mounted  between  the1  two  nuts, 
K  fv,  on  the  bolt,  b',  which  is  held  in  the  chuck  of  the  lathe. 

We  now  come  to  the  choice  of  wire  and  the  winding, 
which  must  be  governed  by  the  voltage  of  the  machine  with 
which  the  voltmeter  is  to  be  associated.  We  have  011  this 
little  frame  a  space  available  for  wire,  £  inch  wide  by  a 
trifle  less  than  k  inch  in  height,  we  will  say  a;V  of  an  inch, 
/g  of  an  inch  being  subtracted  because  of  the  thickness  of 
the  inner  cardboard  framing1  which  is  glued  against,  the  two 
outer  pieces,  and  encroaching  upon  their  width  to  this  ex¬ 
tent.  The  voltage  most  frequently  met  with  is  no,  with  a 
maximum  rise  to  about.  125.  Therefore,  the  instrument,  de¬ 
scribed  is  best  wound  to  indicate  bet  ween  o  volts  and  125, 
including,  in  the  opinion  of  the  writer,  nearly  all  the  small 
machines  described  for  construction,  whether  for  power, 
lighting,  or  experimental  work.  As  this  voltmeter  is  in¬ 
tended  for  switchboard  work,  it  must  be  capable  ol  re¬ 
maining  across  the  feeders  of  a  current  differing  in  potential 
by  t  to  volts  constantly  without  heating'  up  or  absorbing 
any  appreciable  amount  of  die  current. 

In  order  that  it  may  indicate  without  being  wasteful, 
it  must  possess  a  very  high  resistance,  allowing  only  about 
o.t  1 2  ampere  of  current  to  pass  through  its  coils  as  the  maxi¬ 
mum.  We  must,  therefore,  choose  a  very  fme  wire  for  the 
bobbin,  putting  as  much  on  as  possible  without  bulging  out 
beyond  the  sides  of  the  little  frame,  and  wind  in  addition  on 
a  resistance  spool  sufficient  wire  to  shut  out  all  current  flow 
with  the  exec  ption  of  about  0.02  ampere.  We  will  require 
for  the  purpose  of  winding  both  coil  and  stationary  re¬ 
sistance  spool  ounces  of  No.  40  single  silk-covered  wire. 
This  fim'  wire  is  constantly  weighed  out  on  coarse  or  large 
scales,  the?  u  eight,  and  consequently  the  resistance,  of  tin 
wire  being  only  approximate.  In  addition,  the  pu rity  of 
copper  in  wire  varies,  and  in  some  instances  the  gage,  so  it 
is  wise  to  connect  the  wire  across  the  feeders  of  a  1 10-volt 
circuit  before  removing  from  the  spool  it  was  bought  upon. 
The  wire  should  warm  up  very  little,  in  fact,  to  a  scarce! v 
noticeable  degree,  and  when  placed  in  circuit  with  a  delicate 
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ammeter  should  allow  only  0.02  ampere  of  current  to  flow, 
of  course,  at  the  maximum  pressure  with  which  it  is  to  be 
used.  If  the  current  absorbed  by  the  spool  is  too  great, 
more  wire  must  be  obtained  and  wound  on  ;  if  the  current 
taken  falls  short  of  0.02  ampere,  some  of  the  wire  must  be 
removed.  By  making  this  test  one  cannot  go  astray. 

The  question  is  simply  this :  It  requires  at  least  this 
amount  of  wire  to  offer  sufficient  resistance  to  the  high 
voltage  current  to  shut  out  all  but  0.02  ampere,  which  is 
the  maximum  carrying  capacity  of  the  wire  itself.  As  much 
of  this  quantity  as  possible  must  be  placed  on  the  movable 
bobbin  and  the  remainder  must  be  wound  on  a  spool  and 
included  in  series.  This  wire  is  extremely  hue  and  is  to  be 
handled  with  great  care.  In  the  first  place  do  not,  under 
any  circumstances,  allow  the  dealer  to  sell  the  wire  wound 
on  anything  but  a  smooth  wooden  spool.  Small  wire  is 
sometimes  wound  on  a  card  or  roll  of  paper  for  the  pur¬ 
chaser,  and  should  on  no  account  be  accepted  in  this  con¬ 
dition.  To  attempt  to  handle  wire  of  this  size  from  any¬ 
thing  but  a  spool  will  surely  result  in  great  delays,  and  the 
loss  of  the  major  portion  of  the  material  through  kinking 
and  tangling. 

Having  mounted  the  little  framing  cm  a  bolt,  as  in. 


expect  to  exercise  much  patience  here,  and  give  a  good 
deal  of  time  and  attention  to  the  smooth  laying  cm  of  the 


rewinding  just  as  the  coil  is  finished.  In  order  to  give  it 


around  the  bolt  temporarily,  prior  to  attaching  to  the  uppei 
pivot  of  the  coil  In  att 
32,  the  two  are  twisted  t 
by  means  of  a  jeweler1 
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chloride  or  other  corrosive  fluid  on  small  wire,  as  it  rapidly 
corrodes  it  away  after  completion.  A  little  resin  is  safe, 
and  should  be  applied  finely  pulverized.  The  No.  32  wire 
is  wrapped  around  the  bobbin  once  or  twice  in  order  to 
take  all  strain  off  the  finer  wire.  We  can  now  proceed 
slowly,  putting  as  many  layers  on  evenly  as  possible,  that  is, 
in  perfect  layers.  It  will  not  be  possible  to  put  them  all  on 
in  layers,  but  as  many  as  possible  should  be  put  on  in  this 
order  before  the  lathe  is  run  more  rapidly,  and  wire  simply 
fed  on  back  and  forth.  A  tiny  hole  should  be  made  on  the 
outer  corner  of  the  little  frame  when  the  coil  is  complete, 
and  the  wire  drawn  directly  out.  Should  it  break  off  here, 
it  is  not  a  serious  matter,  but  should  it  break  below,  a  re¬ 
pair  is  a  very  difficult  thing  to  make. 

We  can  now  remove  the  work  from  the  lathe,  and  pro¬ 
vide  the  coil  with  little  brass  plates  for  the  reception  of  the 
steel  pivots.  The  scheme  of  attaching  the  pivots  and  their 
plates  is  illustrated  in  Fig.  215,  The  little  coil  is  represented 
complete  at  G,  with  the  top  and  bottom  plates  bound  in 
place  witli  silk  thread.  At  II  we  have  an  end  view  witli  a 
single  layer  of  wire  wound  on  merely  to  show  the  con¬ 
nections,  which  are  very  simple,  one  end  of  the  coil  going 
to  the  upper  plate,  where  it  is  soldered,  and  the  other  end 
going  to  the  bottom,  where  it  is  attached  in  the  same  man¬ 
ner.  At  I  we  simply  have  the  little  plate  drilled  out  to  re¬ 
ceive  the  pivot.  The  pivots  are  cut  from  steel  rod  f  inch 
in  diameter  and  f  inch  in  total  height.  The  little  brass 
plates  into  which  the  pivots  arc  to  be  soldered  are  inch 
thick,  leaving  the  point  of  the  pivot  inch  above  the  sur¬ 
face  of  the  plate. 

These  pivots  are  drilled  through  with  small  holes  as 
indicated,  and  turned  to  fine  cones  in  the  lathe  by  means  of 
a  very  sharp  and  fine  tool.  The  work  on  these  must  be 
perfect,  and  if  the  first  attempt  does  not  bring  true  and 
smooth  cones,  a  second  set  must  be  made.  They  are  now 
held  in  the  flame  of  a  Bunsen  burner,  and  heated  to  bright 
redness,  and  plunged  into  a  vessel  of  mercury,  which  makes 
them  extremely  hard.  Two  little  brass  plates  are  now  cut 
from  brass  A  inch  in  thickness,  and  filed  to  just  cover  the 
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upper  and  lower  edges  of  the  little  Irame  respectively.  In 
resting-  upon  them.  Holes  are  drilled  tluough  exactly  in 
the  centers  with  a  -jHnch  drill,  and  the  little  pivots  piessed 
in.  They  must  be  absolutely  in  line  before  pi  decoding, 
which  can  only  be  expected  as  the  result  of  act  unite  and 
skillful  workmanship.  Before  soldering  hi  position  the 
little  pivots  should  be  polished  by  revolving  in  the  lathe, 
and  by  applying  the  finest  meal  emery  on  cloth. 

The  little  plates  with  their  respective  pivots  are  firmly 
bound  on  the  framing  wit h  silk,  as  ill ust i ated  at  (*,  t he 
corners  of  the  brass  being  filed  smooth  befoie  winding  on 
the  silk  to  prevent  its  being  cut.  The  ends  of  the  coil  are 
now  securely  soldered  to  the  brass  plates,  and  the  whole 
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Method  of  Attaching  Pivots 
to  Movable  Coll  and 
Scheme  of  Connections. 


Plan  of  Brasw  Frame  for 

Movable  ('oil, 
with  tlhm'Htauns. 


given  a  good  coat  of  orange  shellac  to  keep  out  all  moisture, 
which  is  liable  to  warp  the  coil  in  time,  should  this  pre¬ 
caution  be  omitted.  We  are  now  ready  for  making  the 
frame  of  brass  which  holds  the  little  movable  coil.  This  is 
cut  out  by  means  of  a  hack  saw  from  a  solid  plate  of  brass  f 
inch  thick,  and  has  the  dimensions  and  form  as  given  in 
Fig.  216.  This  frame  is  neatly  smoothed  off  with  a  line  flat 
file  after  sawing  out,  and  is  provided  with  a  hardener  1  steel 
screw  possessing  a  conical  cavity  at  its  end  fur  the  re¬ 
ception  of  one  of  the  little  pivots  of  the  coil,  'fids  screw 
passes  through  the  frame  at  J,  and  is  securely  locked  in 
position  by  a  couple  of  nuts  as  shown. 

This  conical  cavity  in  the  end  of  this  screw  h  con  vein 
iently  made  by  drilling  into  the  end  with  a  small  twist  drill. 
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before  hardening  in  mercury  as  in  the  case  of  the  conical 
pivots.  '  The  angle  at  the  apex,  of  the  sunken  cone,  or 
conical  cutting,  should  be  a  trill c  larger  than  the  angle  at 
the  apex  of  the  cone  cm  the  pivot  to  prevent  friction.  In 
other  words,  the  angle  of  the  cutters  on  the  drill  must  be 
more  obtuse  than  the  angle  at  the  apex  of  the  little  pivot. 
In  this  manner  we  will  have  the  movable  coil  supported 
simply  by  hardened  points  in  tiny  hardened  seats.  At  the 
left  of  the  frame,  at  K,  we  have  a  little  hardened  block  of 
cast  steel,  also  provided  with  a  little  conical  cutting  for  the 
reception  of  the  other  pivot.  This  steel  block  is  forced 
into  a  groove,  cut  in  a  piece  of  vulcanite,  L,  which  in  turn 
is  forced  into  a  cutting  in  the  brass  frame.  A  little  shellac 
applied  before  forcing  in  place  insures  a  permanent,  hold. 

The  exc\ct  size  of  the  steel  block  and  vulcanite  insulation, 
of  course,  does  not  matter  so  long  as  the  distance  of  the 
conical  seat  from  the  back  is  f  inch.  The  space  denoted  by 
X  is  variable  because  of  the  screw  serving  for  the  adjust¬ 
ment.  The  portion,  M,  is  an  edge  view  of  a  soft  iron  cylin¬ 
drical  core  held  in  place  from  a  bolt  at  the  back.  The  little 
hollow  coil  moves  about  this  core  without  contact  with  it. 
This  core  is  shown  in  position  at  ()  in  the  front  view  of  the 
completed  voltmeter,  Fig.  209.  Wc  must  now  provide  a 
second  juece  of  vulcanite,  N,  Fig.  216,  which  is  screwed 
against  the  brass  framing,  and  which  carries  a  small  bind¬ 
ing  screw.  wS m all  brass  screw  bolts  with  tiny  nuts  may  be 
had  which  make  these  attachments  very  easy.  The  coil  can 
now  be  placed  in  position  in  the  frame,  the  screw  being 
turned  until  a  most  gentle  adjustment  is  established  when 
the  nuts  are  locked.  Care  should  be  taken  in  locking  the 
nuts,  nnt  tn  turn  the  screw  further,  thus  damatrintr  the 


points  by  undue  strain. 

The  frame  is  now  to  be  bolted  to  a  brass  base  plate  3^ 
inches  wide,  6$  inches  long  and  ^  inch  in  thickness.  The 
bolts  are  shown  at  the  left  in  Fig.  216,  the  exact  distance 
separating  them  being  marked  on  the  brass  plate  before 
drilling  holes  for  them.  The  distance  from  thole- 
brass  plate  to  the  top  of  the 
iust  A  inch.  The  careful  c 
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adjustment  of  the  frame  and  magnets  cannot  be  too  strongly 
impressed  upon  the  reader.  It  is  not  the  easiest  stage  in 
the  making  of  this  instrument.  The  height  adjustment  of 
the  magnets,  regarding  the  brass  base  plate,  is  most  con¬ 
veniently  accomplished  by  using  bolts  and  three  running 
nuts,  as  illustrated  at  P  P  in  Fig.  209. 

The  pointer  consists  of  a  thin  tapering  strip  of  sheet  brass 
to  which  is  soldered  at  the  top  a  slender  brass  wire  carry, 
ing  a  little  sliding  weight  as  shown  in  the  first  figure  at  {), 
both  in  the  plan  and  edge  view.  It  is  the  weight  of  this 
little  brass  cylinder  which  resists  the  turning  of  the  coil, 
and  must  be  adjusted  to  each  instrument  by  the  maker  when 
calibrating.  It  must  obviously  be  placed  at  such  angle  (hat 
the  index  will  point  at  o  when  the  weight  is  vertical.  The 
scale  is  made  from  cardboard  glued  to  a  brass  pattern  which 
is  screwed  to  the  magnets  as  indicated.  The  scale  is  struck 
off  with  a  pair  of  compasses  set  for  a  44-inch  radius  for  the 
center  line  of  the  reading  portion,  which  is  the  length  of  the 
pointer.  •  The  actual  width  of  the  scale  is  |  inch,  and  the 
maximum  angular  measurement  between  the  position  of  the 
pointer  when  at  the  extreme  right  and  left  is  6a",  giving  us  a 
reading  arc  4$  inches  in  length. 

The  resistance  spool  which  is  included  in  series  with  the 
wire  on  the  movable  coil  is  shown  in  position  at  R  in  both 
views  of  the  finished  instrument.  Connections  are  made  be. 
tween  the  pivots  of  the  movable  coil  and  the  binding  screws 
on  the  frame  by  little  spiral  pieces  of  No.  40  bare  copper 
wire,  as  indicated  at  S  S,  which  are  firmly  held  in  the  holes 
of  the  pivots  by  a  little  wedge  and  the  end  of  the  pointer 
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necessary  to  compare  the  instrument  with  a  standard  volt¬ 
meter. 

U  is  assumed  that  the  reader  wishes  a  complete  instru¬ 
ment  for  direct  volt  values,  and  that  he  can  have  the  use  of 
a  standard  instrument  for  the  purpose  of  comparing1  the 
readings.  Both  the  standard  and  the  instrument  we  are 
making  are  placed  across  the  terminals  of  a  dynamo  and  the 
machine  started,  its  armature  being  driven  until  the  ob¬ 
server  knows  that  both  voltmeters  arc  properly  connected 
and  observes  the  indicators  moving  over  their  respective 
scales.  The  dynamo  is  now  speeded  up  until  the  standard 
indicates  125  volts,  when  the  little  brass  weight  on  our  in¬ 
strument  is  so  adjusted  that  our  instrument  also  indicates 
125  volts.  The  weight  of  the  little  brass  cylinder  can  here 
be  determined  by  actual  experiment  in  connection  with  its 
own  individual  instrument,  which  is  far  more  accurate  than 
written  directions  can  be  which  are  based  upon  another  in¬ 
strument. 

The  fields  of  the  dynamo  are  now  gradually  weakened 
by  turning  the  resistance  of  rheostats  in,  and  the  scale  of 
the  voltmeter  is  marked  off  to  agree  with  the  readings  on 
the  standard  as  the  voltage  gradually  falls.  The  voltage 
will  not  fall  to  o  with  this  method,  of  course,  but  will  drop 
below  the  readings  at  which  the  instrument  will  prove  most 
useful  on  the  switchboard.  To  get  the  lower  readings  the 


meters  connected  across  its  terminals  and  the  rise  in  poten¬ 
tial  closely  noted  on  the  standard  and  marked  on  the  scale 
of  the  instrument  undergoing  calibration.  The  processes 
should  be  repeated  a  number  of  times,  going  backward  and 
forward,  upward  and  downward  on  the  scale  until  the  values 
are  fixed  beyond  doubt  and  the  readings  of  our  instrument 
agree  with  the  readings  of  the  standard  at  every  point.  A 
carefully  and  skillfully  constructed  instrument,  as  described, 
when  adjusted  and  calibrated  in  this  manner,  will  indicate 
very  slight  differences  in  potential  from  o  to  125  volts. 

It  now  remains  to  ease  the  instrument:  to  keep  out.  dust 
and  dirt,  and  to  screw  it  to  a  heavy,  firm  back  board,  to¬ 
gether  with  the  necessary  switches,  lamps  and  cut-outs, 
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‘  leaving  room  to  the  right  for  its  sister  indicator,  the  am- 
.  meter,  which  we  will  now  take  up  for  construction.  The 
•ammeter  which  is  illustrated  in  its  completed  state  in  Fig.  210 
is  much  simpler  in  construction  and  operation  than  the  volt¬ 
meter,  and  with  the  first  instrument  complete,  the  work  on 
the  ammeter  can  be  carried  on  with  comparative  ease.  The 
foundation  of  the  ammeter  consists  of  a  brass  plate  •§•  inch 
thick  by  4^  inches  in  width  and  6f  inches  in  height.  To 
this  firm  bed-plate  is  attached  the  solenoid,  T,  and  the  mova¬ 
ble  iron  tongue,  U,  supported  by  pivots  in  the  brass  frame, 
V.  The  solenoid  is  made  by  winding  insulated  wire  of  large 
gage  on  a  brass  spool  which  is  attached  to  the  back  plate  by 
means  of  bolts  soldered  to  the  top  and  bottom  of  the  flanges. 
Fig.  217  will  make  the  method  of  attaching  clear,  which  gives 
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Design  of  Spool  for  Ammeter  Position  of  Movable  Tongue  in 

Solenoid.  Relation  to  Spool. 

also  the  dimensions  of  the  spool.  The  center  portion  simply 
consists  of  a  thin  brass  tube,  upon  which  are  soldered  two 
turned  rings  of  the  same  material,  giving  us  a  spool  with  £ 
inch  flanges. 

It  is  to  these  rings  or  flanges  that  the  little  bolts  arc  sol¬ 
dered,  furnishing  a  most  convenient  way  of  holding  the  spool 
rigidly  against  the  back  plate  indicated  in  dotted  lines  at  W. 
The  soft  iron  tongue  must  now  be  made,  which,  with  its 
pointer,  constitutes  the  movable  portion  of  the  instrument. 
Fig.  218  illustrates  the  exact  form  of  this  tongue  and  its  rela¬ 
tion  to  the  inside  of  the  spool,  which  is  drawn  in  section,  the 
two  extreme  positions  of  the  tongue  being  shown  at  X  and  Y 
respectively.  This  tongue  must  be  built  up  from  several 
thicknesses  of  soft  Russian  iron,  thoroughly  annealed.  Be- 
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fore  describing-  the  method  of  making,  a  few  words®gard- 
ing  the  exact  pattern  of  the  tongue  are  ne^’cssaim  This 
tongue  must  enter  the  solenoid  as  illustrate^-  hi  tjij'figu rep 
and  occupy  its  center  when  at  the  extreme  fmli-^ 

cate  cl  in  clotted  lines  at  Y.  f  ■}  „ 

In  order  to  get  this  movement  without  fhejibngbcf?and 
spool  coming  in  contact,  the  tongue  mustf  bt|  yf  pec^tliar 
shape,  and  big.  219  has  been  prepared  to  enable  fchW^adcr  to 
exactly  reproduce  it.  Here  we  have  simply  iwi  c^ater^,  one 


seribed 

),«bc 
1  rtfrl  i 

es  is 

♦'fcUfc"  ' 

icpie  hi 
with 


cm  the  horizontal  line,  A  B,  about  which  a  circled 
with  a  iiR-h  radius,  and  one  on  the  oblique llii^e, 
which  a  second  circle  is  described,  but.  with&;  2^  " 

The  angle  formed  at  the  intersection  of  tltjff  twi 
and  the  distance  apart,  of  the  two  centers  cfaho 
is  |  of  an  inch.  By  following  these  measurefticu 
one  cannot  go  astray  in  cut  ting  a  pattern  f|f  the  tongue.  ^ 
sufficient  number  of  thin  iron  sheets  mustpWdut  aecuratfrb 
to  the  pattern  with  shears  to  make  a  tongue  about  £  inch 
thick  when  laid  together. 

The  different  thicknesses  are  held  firmly  packed  by  liny 
bolts  and  nuts,  as  shown  in  the  edge  view  in  1'ig.  210,  and  in 
the  front  view  at  Z  is  to  be  seen  a  little  bolt  head  answering 
the  double  purpose  of  damping  the  ends  together  and  of 
affording  means  for  balancing  the  tongue  and  pointer.  It 
will  be  readily  seen  that  a  small  mass  of  lead  can  be  attached 
here  without  making  contact,  with  the  spool  when  the  tongue 
is  drawn  into  it.  The  little  bolt  must  be  of  iron  in  this  case 
to  replace  the  iron  which  has  been  removed  from  the  tongue 
in  drilling  the  hole,  in  order  that  the  gradually  increasing 
mass  of  the  metal  shall  not  be  diminished  slightly  at  this 
point.  The  head  of  the  bolt  must  be  thinned  down  with  a 
file,  and  the  screw  end  must  be  provided  with  a  brass  nut,  in 
order  not  to  increase  the  mass  of  iron  at  this  point:.  In  this 
way  we  have  drilled  out,  a  portion  of  the  tongue  and  replaced 
the  iron  very  accurately,  affording  means  for  clamping  un¬ 
der  the  nut  little  lead  washers. 

The  pivots  in  the  ammeter  consist  simply  of  a  piece  of  the 
steel  as  used  for  the  pivots  of  the  voltmeter,  cut  to  length 
and  turned  off  with  a  little  cone  at  each  end.  1  he  pivot 
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shank  is  forced  into  a  hole  drilled  for  it  in  the  tongue  and 
securely  soldered  in  place,  exercising  the  greatest  care  to  get 
it  in  perpendicular  to  the  plane  u(  the  surlacc  uf  the  tongue. 
This,  of  course,  is  greatly  simplified  if  the  hole  in  the  tongue 
has  been  drilled  in  with  the  drill  perpendicular  to  begin 
with.  We  can  now  devote  our  attention  to  the  brass  frame 
which  is  illustrated  in  Fig.  2Jo,  together  with  dimensions. 
This  is  sawn  from  plate  brass  similar  to  that  used  for  the 
frame  of  the  voltmeter,  being  simpler  to  make,  as  the  hard- 
enecl  steel  block,  K,  is  soldered  in  a  cutting  in  the  brass  of 
the  frame  direct,  as  there  is  no  need  of  insulating  the  pivot 
in  the  present  case.  We  have  at  the  right  a  screw,  !•',  locked 
in  place  by  the  same  kind  of  nuts.  All  the  precautions  of 
turning'  the  cones  with  a  smaller  angle  at  the  apes  than  the 
angle  formed  at  the  apex  of  the  sunken  cone  by  the  cutters 
of  the  twist  drill,  in  cutting  the  seat  in  the  little  steel  block, 
must  be  exercised  here  again,  and  equal  attention  must  be 
given  to  the  most  careful  adjustment. 
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Method  of  Drawing  Pattern 
for  Movable  Tongue. 
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Dimensions  of  Framo  for  Hu's 
penssnm  of  Moving  Part**. 


Before  winding  the  spool  with  its  wire,  we  must  put  the 
instrument  together  and  provide  it  with  its  scale  ami  pointer 
and  the  insulating  blocks  of  hard  rubber  tor  the  binding 
screws  as  illustrated.  The  scale,  which  is  exactly  like*  that 
of  the  voltmeter,  is  mounted  upon  a  couple  of  little  brass  cob 
urn  ns  if  inches  in  height,  in  order  that  the  plane  ol  the  scale 
and  pointer  shall  be  the  same  in  both  instruments,  which 
adapts  them  to  similar  cases  with  the  same  sized  scale  open. 
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ings.  The  upper  portion  of  the  brass  frame,  V,  in  Fig.  210 
must  be  placed  inch  from  the  top  of  the  brass  back  plate,  as 
in  the  case  of  the  voltmeter,  and  the  pointer  of  the  movable 
tongue  must  sweep  with  a  4$  inch  radius,  measuring,  of 
course,  from  the  points  of  the  pivot.  This  measurement 
immediately  regulates  the  scale  adjustment,  which  will  be 
found  to  match  the  scale  of  the  voltmeter  nicely  when  the 
instruments  are  placed  in  cases. 

Having  placed  the  brass  frame  carefully  on  the  center 
line  and  bolted  it  with  its  movable  tongue  securely  to  the 
brass  back  plate,  the  spool  must  be  mounted  accurately  in 
the  relative  position  to  the  tongue  as  given  in  Fig.  210.  This 
will  put  everything  in  working  order,  mechanically  speak¬ 
ing,  recj airing  now  our  attention  to  the  electrical  side  of  the 
question,  which  consists  in  choosing  and  winding  011  the 
spool  the  proper  amount  of  wire.  This  is  a  very  simple 
problem,  and  should  be  worked  out  experimentally  after  the 
wire  is  chosen.  Let  us  take  for  example  the  case  where  the 
ammeter  is  wished  to  indicate  between  o  and  1 5  amperes. 
We  must  consult  a  wire  table  and  learn  the  sized  wire  pos¬ 
sessing  this  carrying  capacity.  No.  10  has  a  capacity  of  16 
amperes,  and  consequently  is  able  to  remain  in  circuit  con¬ 
tinuously  with  15  amperes  flowing.  The  brass  spool  is 
wound  with  an  even  layer  of  this  wire,  experimentally,  and 
the  ends  brought  out  for  connection  with  a  standard  am¬ 
meter,  which,  of  course,  is  included  directly  in  series.  The 
free  ends  are  now  run  to  the  current  supply  and  included  in 
series  with  that  too,  but  through  rheostats  or  water  boxes. 

The  instruments  are  mounted  together,  and  the  pointer 
on  our  ammeter  is  balanced  to  the  o  reading.  The  current 
is  admitted  slowly  by  immersing  the  plate  into  the  salt  water 
ol  the  rheostat  until  the  standard  indicates  15  amperes. 
Where  will  the  pointer  on  our  instrument  he?  If  we  hap¬ 
pen  to  have  too  many  turns  of  wire  on  the  brass  spool,  the 
pointer  will  go  off  the  scale  ;  if  we  have  not  enough  turns 
wound  on,  the  pointer  will  not  reach  the  end  mark.  It  will 
now  he  readily  seen  that  it  remains  to  take  wire  off  or  to  put 
more  on,  according  to  the  behavior  of  the  pointer  regarding 
the  range  of  the  scale  with  which  it  is  intended  to  work.  By 
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a  little  experimentation  we  can  get.  just  enough  wire  on  t Her 
spool  to  hold  the  pointer  at  the  scale  limit  or  15  amptu  es,  ioi 
which  we  are  designing1  the  instrument,  when  the  standard 
which  is  in  direct  series,  and  consequently  receiving  the 
same  current  flow,  also  indicates  15  amperes. 

It  will  also  be  readily  seen  that  the  ammeter  can  be  made 
to  indicate  higher  values  by  simply  winding  the  spool  with 
heavier  wire  and  running  through  (he  same  experiment.  Of 
course,  if  a  water  rheostat  is  not  at  hand,  the  two  instru¬ 
ments  can  be  simply  included  in  series  with  a  feeder  supply¬ 
ing  incandescent  lamps  and  the  instruments  u  loaded  with 
current”  by  turning  on  lamps  until  the  standard  indicates 
the  maximum  amperes  for  which  we  are  adapting  our  am¬ 
meter.  For  the  points  intermediate  on  the  scale  it  is  a  very 
simple  matter  to  gradually  cut  out  lamps  and  make  readings 
on  the  scale  under  calibration,  when  the  standard  indicates 
even  ampere  values  between  the  limits.  I  he  current  should 
be  increased  and  decreased  a  number  of  times  and  the  point  , 
ers  caused  to  travel  back  and  forth  over  tin'  scales  as  in  the 
case  of  the  voltmeter.  Both  ammeter  and  voltmeter  should 
now  be  provided  with  little  stops  for  the  pointers  to  prevent 
them  from  getting  off  the  scale  when  they  are  ready  for  can. 
ing.  The  cases,  for  appearance,  should  be  exactly  similar 
and  be  provided  with  little  lock  doors  and  glass  over  the 
scale  openings.  The  bottom  portion  of  the  cases  should 
mount  additional  pairs  of  binding  posts,  which  are  intended 
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But.  the  fact  must  be  admitted  that,  in  all  the  apparatus 
hitherto  constructed,  the  interrupter  has  ‘  been  the  weak 
point,  it  having*  often  proved  inadequate  to  draw  from  the 
coil  the  power  and  the  maximum  tension  that  the  apparatus 
was  capable  of  giving.  It  is  well  known,  in  fact,  that  the 
object  of  the  interrupter  is  to  convert  into  an  interrupted 
current,  the  continuous  one  that  would  traverse  the  primary 
wire  of  the  coil,  if  such  an  apparatus  were  not  used.  Num¬ 
erous  mechanical  systems  have  been  devised  for  obtaining 
frequent  and  rapid  interruptions,  and  among  these  may  be 
mentioned  tremblers.  Unfortunately,  tremblers  giving  fre¬ 
quent  interruptions  do  not  produce  rapid  ones,  and  those 
that  produce  rapid  ones  do  not  furnish  them  with  sufficient 
frequency.  In  such  cases  the  coil  is  not  well  utilized,  since 
the  interruption  of  slight,  rapidity  reduces  the  secondary 
tension,  and  that  of  slight  frequency  allows  a  relatively 
lengthy  period  of  time  to  elapse  between  the  successive 
sparks. 

Such  inconveniences  have  made  themselves  particularly 
felt,  in  radiography  through  an  increase  in  the  time  of  ex¬ 
posure,  and  in  radioscopy  through  furnishing  maclcd  images 
upon  the  fluorescent  screen.  So  manufacturers  and  radiog¬ 
raphers  were  putting  their  wits  to  work  to  devise  some  me¬ 
chanical  arrangement  or  other  to  remedy  such  inconven¬ 
iences,  when  Dr.  A.  Wehnelt,  a  scientist  of  Charlottenburg, 
Oermany,  in  inventing  the  electrolytic  interrupter  to  which 
his  name  will  henceforward  remain  attached,  gave  investi¬ 
gators  an  ideally  simple  and  practical  apparatus  which  is 
destined  rapidly  to  supplant  all  others. 

Fig.  221  represents  two  very  simple  forms  of  this  inter¬ 
rupter.  Into  a  glass  vessel  containing  acidulated  water  of 
a  density  of  from  1.1  to  1.2  degrees  enter  a  plate  of  lead  con¬ 
nected  with  the  negative  pole  of  the  electric  source  and  a 
glass  tube  filled  with  mercury,  to  the  extremity  of  which  is 
soldered  a  platinum  wire  that  projects  a  few  millimeters  from 
the  bottom.  The  mercury  is  connected  with  the  positive 
pole  of  (lie  source  by  means  of  a  copper  wire  that  enters  it; 
and  in  the  circuit  thus  formed  is  interposed  the  primary  cir¬ 
cuit  of  an  induction  coil  (the  trembler  of  which  has  pre- 
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viously  been  prevented  from  operating")  and  an  interrupter 
for  opening  or  closing  the  circuit. 

In  another  arrangement  (represented  to  the  right  in 
Fig.  22 1 )  the  plate  of  lead  is  replaced  by  a  bath  of  mercury  a 
few  millimeters  in  thickness  into  which  enters  an  insulated 
copper  wire  bared  at  its  extremities  in  order  to  form  a  con¬ 
tact  with  the  mercury  and  a  terminal.  The  tube  may  be 
straight  or  may  contain  one  or  two  bends  (in  order  that  the 
platinum  point  maybe  directed  upwardly)  without  the  ope¬ 
ration  of  the  interrupter  being  modified  by  such  arrange¬ 
ments.  The  source  with  which  the  coil  is  connected  may 
be  a  battery,  a  series  of  accumulators  or  a  sector  with  con¬ 
tinuous  or  alternating  currents.  The  difference  of  potential 
may  vary  between  20  and  120  volts  (our  experiments  have 
not  gone  beyond  that)  without  the  interrupter  ceasing  to 
work,  provided,  that,  between  the  self-induction  of  the  prim¬ 
ary  circuit  of  the  coil,  the  length  and  diameter  of  the  plat¬ 
inum  wire  and  the  electromotive  force  of  the  source,  there 
be  certain  relations  of  which  the  numerical  values  are  as  yet 
fixed  only  by  tentatives. 

When  the  proportions  ars  well  established,  we  observe, 
as  soon  as  the  circuit  is  closed,  a  violaceous  halo  around  the 
platinum  w.ire,  hear  a  sharp  strident  noise  proceeding  from 
the  interrupter,  and  witness  an  abundant  disengagement  of 
gas  in  the  electrolytic  liquid  and  a  true  torrent  of  flames  be¬ 
tween  the  extremities  of  the  secondary  wire.  In  blowing 
upon  this  flame,  which  is  hot  enough  to  ignite  paper,  the 
spark  becomes  stratified,  thus  showing  that  the  phenomenon 
is  not  continuous,  and  ’that  the  flame  is  made  up  of  a  series 
of  frequent  sparks  that  dart  into  the  air  heated  by  the  pre¬ 
vious  ones. 

By  way  of  illustration,  we  may  say  that  in  some  experi¬ 
ments  made  at  the  laboratory  of  electricity  of  the  School  of 
Physics  and  Industrial  Chemistry  of  the  city  of  Paris,  M. 
Hospitalier  employed  what  is  called  a  “6  cm.  spark”  Car- 
pentier  coil  and  obtained  therewith  sparks  of  a  length  of  1 5 
and  even  18  cm.  with  a  frequency  which,  estimated  by  a  re¬ 
volving  mirror,  varied  between  1,400  and  1,500  a  second. 
The  primary  circuit  was  supplied  by  a  battery  of  50  accumu- 
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lators  mounted  in  tension,  and  the  platinum  wire  was  0.8 
mm.  in  diameter  and  projected  8  or  10  mm.  from  the  glass 
tube. 

The  same  Welmelt  tube  was  used  by  M.  Ilospitalicr  for 
rcproducing  some  experiments  with  currents  of  great  fre¬ 
quency  by  means  of  Dr.  d’ Arson val’s  greatly  simplified  ar¬ 
rangement  shown  in  Fig.  222.  Here  the  condensers  are 
formed  of  two  Saint  Galmier  bottles  nearly  full  of  wafer  and 
the  surface  of  which  is  covered  with  fin  foil  for  about  a  third 
of  the  height. 

A  simple  copper  wire  wound  into  a  spiral  causes  the 
water  to  communicate  electrically  with  the  secondary  cir_ 
cuit  of  the  coil.  The  explosive  distance  of  the  oscillating 
discharge  is  regulated  by  moving  the  bottles,  the  corks  of 
which  support  two  horizontal  brass  rods  3  mm.  in  diameter. 
The  circuit  of  great  frequency  is  formed  of  a  solenoid  of 
copper  wire  from  5  to  6  mm.  in  diameter  resting  upon  sheets 
of  tin  foil  prolonged  under  the  bottle,  the  whole  being  placed 
upon  an  insulating  table  or  upon  a  plate  of  glass.  All  the 
experiments  of  Tesla  and  d' Arson val  may  be  simply  and 
effectively  reproduced  with  a  coil  which  would  prove  inade¬ 
quate  with  all  the  tremblers  known. 

We  advise  those  of  our  readers  who  would  like  to  repeat 
these  very  simple  experiments’  to  use  as  large  a  vessel  as 
possible  for  the  interrupter,  in  order  to  prevent  a  too  rapid 
heating  of  the  liquid,  unless  they  have  it  in  their  power  to 
cool  the  latter  by  a  circulation  of  water. 

The  object  of  the  mercury  in  the  Welmelt  tube  is  to  cool 
the  platinum  through  conductivity  by  increasing  its  surface 
of  contact.  The  same  result  may  be  obtained  by  soldering 
the  platinum  to  a  coarse  copper  wire  insulated  through  its 
entire  length.  For  feeble  current  and  small  coils  the  plat¬ 
inum  rods  of  discarded  incandescent  lamps  constitute  a  capi¬ 
tal  positive  pole  for  the  Welmelt  interrupter. 

We  shall  not  undertake  to  give  an  explanation  of  the 
theoretic  operation  of  this  curious  apparatus,  a  point  upon 
which  opinions  are  very  much  divided.  Experiment  has 
proved  that  the  interrupter  will  not  operate  any  longer  if 
the  self-induction  of  the  circuit  be  inadequate,  and  that  the 
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frequency  diminishes  with  the  increase  of  self-induction  and 
increases  with  the  tension  of  the  current.  We  have  here, 


therefore,  a  very  complex  phenomenon  in  which  the  con¬ 
denser  of  variable  capacity  (formed  of  the  gaseous  envelope 
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that  surrounds  the  positive  electrode)  and  the  self-induction 
of  the  circuit  play  the  leading  parts.  The  heating  of  the 
wire  has  no  direct  action,  as  was  at  first  thought,  since,  when 
the  self-induction  of  the  circuit  is  too  feeble,  the  platinum 
wire  reddens  and  remains  red,  while  the  current  has  merely 
a  very  feeble  intensity  and  keeps  at  a  constant  one. 

It  remains  for  us  to  say  merely  a  word  as  to  the  present 
and  future  applications  of  the  W ehnclt  interrupter.  We 
already  see  that  they  will  be  numerous,  aside  from  labora¬ 
tory  experiments  and  lecture  courses.  Radiography  and 
radioscopy  are  now  using  the  apparatus  for  reducing  the 
time  of  exposure  and  giving  a  remarkable  stability  to  the 
images  upon  the  fluorescent  screen.  Wireless  telegraphy 
will  not  fail  to  utilize  the  greatest  frequencies  that  the  sys¬ 
tem  permits  of  obtaining.  Gas  motors,  and  particularly 
water-gas  motors, in  which  ignition  is  difficult,  will,  through 
the  use  of  it,  have  a  hot  spark  that  will  surely  prevent  any 
failure  to  ignite. 

T  his  interrupter  will  permit  of  forming  a  very  simple 
and  practical  electric  soldering  apparatus  which  city  clock- 
makers  and  jewelers  may  easily  use  by  connecting  an  appro¬ 
priate  transformer  with  the  circuits  that  distribute  electric 
energy.  Physicians  will  have  the  same  resource  at  their 
disposal  for  their  Crookes  tubes  without  being  obliged  to 
have  recourse  to  a  transformer  or  to  accumulators. 

Should  it  become  possible  to  illuminate  vacuum  tubes  oc¬ 
casionally  for  producing  cold  light,  the  Wehnelt  interrupter 
will  suggest  itself  for  the  production  of  the  frequency  neces¬ 
sary  for  this  method  of  lighting. 

Other  applications  will  be  found,  since  the  question  is  a 
new  one,  and  no  one  knew  the  Wehnelt  interrupter  a  short 
time  ago. 

Fur  the  above  particulars  and  the  illustrations,  we  are  in¬ 
debted  to  La  Nature. 

the  grisson  continuous-alternating  current 

TRANSFORMERS. 

BY  A,  FKEDlvKICiC  COLLINS. 

The  General  Fdeetrie  Company  of  Berlin  has  recently 
placed  on  the  market  a  substitute  for  the  electrolytic  and 
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in  the  Grisson  transformer  there  is  m>  interruption  of  the 
current  at  the  maximum  value,  anti  consequent!)  tltere  is 
particularly  no  sparking  of  the  brush,  IP.  at  l  1 1  8,  1  lie 

use  of  heavy  currents  for  feeding  the  inductor  is  thus  made 
possible,  besides  reducing  the  si/e  of  the  condenser  in 
shunt  with  the  interrupter,  if  not  dispensing  with  it  etc 
tirely. 

Referring  to  the  diagram,  Fig.  224,  it  will  be  observed  that 
in  the  development  of  this  system  the  inductor  or  pi  iniai  \ 
coil,  pi  papa  (the  secondary  coil  anti  iron  core  ate  not 
shown)  has  besides  its  principal  terminal,  which  is  common 
to  all  induction  coils  and  transformers,  a  leading  in  u  ite,  1„ 
joined  to  the  middle  convolution  of  the  inductor  at  F‘. 
The  terminals,  L  and  L1,  ate  connected  directly  to  the 
source  of  energy.  By  means  of  a  shunt  from  the  h-ads,  I, 
and  L1,  current  is  supplied  to  the  small  motor,  M,  of  which 
C  is  the  commutator  anti  R  a  variable  resistance,  wherein 
the  speed  of  the  rotating  transformer  or  contact  disks, 
UUP,  may  be  varied  between  comparatively  w  it  It*  limits, 

The  main  current  from  Id  is  divided  at  the  brush,  IP, 
on  HUP,  which  alternately  make  and  break  coiitat  f  on  the 
commutator  segment  of  the  contact  disks;  these  disk**, 
UUP,  are  fastened  on  a  common  shaft,  but  are  isolated  one 
from  the  other  and  send  forth  two  continuous  turmiP 
from  the  leads,  B1  and  BB  ;  the  brush,  IP,  on  the  opposite 
side  slides  interchangeably  on  the  iamelfa  or  thin  ta\  eis  of 
UUP,  or  temporarily  unites  them,  ns  the  case  mav  be.  The 
sh^ft  upon  which  the  contact  disks  are  keyed  is  fitted  with 
a  pulley  and  is  driven  by  the  motor,  M,  belted  to  it, 

The  principle  of  the  Grisson  transformer  will  now  be* 
easily  understood.  The  current  is  transmitted  to  the  in- 
ductor,  /*/*,  directly  from  the  continuous  flow  for  the 
length  of  time  the  brush,  B3,  rests  on  the  metal  segment 
and  the  insulating  segment  of  the  contact  disks,  and  the  t  it 
cuit,  including  the  source  of  energy  and  the  indue  tm,  is 
thus  closed,  and  the  maximum  value  of  the  curt  cut  is  their 
fore  effectual ;  but  the  instant  this  critical  value  i%  reached, 
the  contact  disks  will  have  reversed  the  flow  of  t  uncut  and 
P1  and/8  is  cut  oil.  As  both  portions  of  the  iiulm  tot  have 
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a  common  iron  core,  i.  c.,  the  same  core,  and  are  mag¬ 
netized  in  opposite  sense,  a  counter-electromotive  force  is 
produced  by  means  of  isolating  the  current,  in  the 

lirst  current  circuit  when  the  primary  current  strength  is 
lessened,  and  as  the  beginning  of  one  segment  approaches 
and  the  other  leaves  the  brush,  B8,  the  value  of  the  current 
is  brought  to  o. 

At  the  moment  the  first  circuit  is  interrupted,  the  cur¬ 
rent  quickly  reaches  a  critical  maximum  value  in  /9/s. 
This  is  accomplished  by  the  automatic  closing  of  one  or  the 
other  circuit,  or  both,  at  the  same  time  by  the  contact  disks, 
which,  as  the  illustrations  show,  are  arranged  like  a  con¬ 
tinuous-current  dynamo  commutator,  except  that  the  metal 
segments  are  insulated  by  insulating  segments  of  equal 
peripheral  width  instead  of  thin  sheets  of  mica. 

'fhe  General  Electric  Company  (Berlin)  recommend 
this  type  of  transformer  especially  for  their  standard  station 
wireless  telegraphy  sets  and  the  equipments  they  supply 
for  armored  war  vessels. 


CENTRAL  ENERGY  TELEPHONE  SYSTEM. 

HY  G.  SKLWIN  TAIT. 

The  telephone  system  now  in  all  our  large  cities  is 
designated  as  the  “  common  battery”  or  “central  energy  ” 
system,  these  titles  having  arisen  from  the  fact  that  the  bat¬ 
teries  that;  formerly  formed  part  of  each  subscriber’s  instru¬ 
ment  are  now  under  the  system  located  at  the  main  office, 
or  “  Central,”  in  the  form  of  storage  batteries,  supplied  with 
current  from  dynamos ;  and  this  and  other  changes  inci¬ 
dental  thereto  have  practically  confined  all  “troubles ”  to 
the  “  Central”  office,  where  they  can  be  quickly  remedied. 

The  “  common  battery  system  ”  embodies  several  im¬ 
portant  improvements  as  well  as  radical  changes  in  the  ap¬ 
paratus  employed,  and  the  chart  herewith  shows  the  general 
principle  of  the  system  now  in  u^e  by  the  largest  com¬ 
panies. 

A  and  B  represent  two  stations  on  one  section  of 
a  switchboard.  In  station  A  the  circuits  are  as  follows 
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When  the  subscriber  wishes  to  call  “  Central  ”  he  removes 
his  receiver,  7,  from  the  hook,  5;  this  closes  the  circuit  from 
battery,  12,  through  signal  lamp,  13,  illuminating  same,  and 
thereby  notifying  the  operator  of  the  call,  then  to  and  along 
armature,  14,  of  double  relay,  16,  through  contact,  z,  to  line 
wire,  2,  thence  through  hook,  5,  contact,  6,  primary  winding 
transmitter,  9,  wire,  t,  contact, z1 ,  armature,  1 5,  of  double 
relay,  id,  to  ground,  R,  to  other  side  of  battery,  12. 

The  light,  13,  is  now  illuminated,  and  the  operator  seeing 
same  insert  s  a  plug,  tr,  b,  r,  into  the  jack,  d,  v,  f.  As  can  be 
seen  in  the  drawing,  t lie  tip,  a ,  of  the  plug  makes  contact 
with  the  spring,  d,  of  the  jack,  the  sleeve,  c,  makes  contact 
with  the  test-thimble,  /,  and  the  sleeve,  b,  makes  contact 
with  spring,  <*.  The  current  from  battery,  17,  now  flows 
through  test-thimble,  A  and  wire  from  same  to  winding  of 
double  relay,  id,  and  from  thence  to  ground,  R,  and  to  other 
side  of  battery,  17.  Relay,  id,  now  attracts  its  armatures, 
14  and  1 5,  thereby  opening  both  sides  of  the  line  at  the  con¬ 
tacts,  z  and  £l,  and  extinguishing  lamp-signal,  13. 

Station  A  would  now  be  without  primary  current,  as 
battery,  12,  is  cut  off  by  relay,  16,  so  to  supply  this  need  the 
battery,  i!i,  connected  to  the  centers  of  the  two  repeating 
coils,  19  and  20,  sends  its  current  to  the  two  sides  of  the 
cord  circuit,  21  and  22,  and  from  thence  through  plug,  a ,  b, 
and  jack,  d,  e,  to  subscriber’s  instrument  as  described. 

G  represents  the  listening-key  by  means  of  which 
the  operator  at  “  Central  ”  connects  her  talking  circuits,  S, 
to  the  line  through  repeating  coil,  If,  and  K  is  the 
ringing-key  by  means  of  which  central  switches  on  the 
ringing  current  from  generator,  L,  when  calling  a  sub¬ 
scriber.  M,  N  represent  the  two  sides  of  the  other  end 
of  the  cord-circuit,  21,  22,  and  they  terminate  in  a  plug 
similar  to  a,  b.  r,  by  which  connection  can  be  made  with  the 
jack  of  the  station  desired  by  station  A. 

F<>r  greater  clearness  the  supervisory  lamps  and  relays 
of  the  cord-circuit  have  been  omitted,  but  in  practice  it  is 
so  arranged  that  when  either  01*  both  of  the  conversing  sub¬ 
scribers  hang  up  their  respective*  receivers  a  supervisor}'  lamp 
is  lighted,  which  is  a  signal  for  “  Central”  to  disconnect,  and 
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obviates  the  necessity  of  her  cutting  in  and  inquiring  ii  they 
are  “through.”  In  addition  to  this,  means  are  provided  for 
a  “  busy  ”  signal,  which  notifies  “Central”  when  she  is  on 
a  line  already  in  use.  It  is  also  found  desirable  in  practice 
to  substitute  a  lamp-relay  for  the  lamp,  13,  which  relay  sup¬ 
plies  current  from  a  special  battery  to  operate  said  lamp, 
13,  thereby  overcoming  the  ill  effects  of  uneven  voltage 
obtained  when  the  line  is  in  series  with  the  lamp. 

THE  COLLINS  WIRELESS  TELEHtONE. 

HY  A.  rRKmiRtCK  COUUNS. 

In  making  some  tests  in  iHyy  l  found  a  method  by  which 
the  disadvantages  of  the  very  rapid  oscillations  set  up  by  a 
disruptive  discharge  in  free  air,  such  as  the  spark  of  a  Ruhnn 
korff  coil  produces,  and  without  resorting  to  the  hauling  of 
the  oscillating  circuit  with  artificial  capacities  anti  induct- 
ances.  This  was  accomplished  by  permitting  the  discharge 
to  take  place  in  the  earth  instead  of  the  air.  To  render  this 
process  clearer,  let  us  employ,  not  only  as  a  mere  analogue, 
but  as  a  similar  proposition,  the  fact  that  electric  oscillations 
emit  electric  waves,  just  as  an  electrically  charged  vibrating 
atom  sends  forth  waves  which  are  likewise  of  electromag 
nctic  origin  found  b)f  the  polarization  of  the  ether,  liven 
alternating  currents  of  comparatively  low  frequency  of  a  few 
thousand  per  second  will  emit  long  electrical  waves  in  space, 
as  Guarini  has  shown  in  his  experiments  in  wireless  trans¬ 
mission  between  Antwerp  and  Brussels,  The  length  of  the 
waves  depends  on  the  periodicity  of  the  oscillations,  the  os¬ 
cillations  on  the  inductance,  capacity  and  resistance  of  the 
circuit,  and  these  in  turn  on  the  constants  of  the  ether. 

The  constants  of  the  ether  are  its  elasticity  and  its  den¬ 
sity.  The  elasticity  of  the  ether  is  not  known  absolutely, 
but  is  measured  by  its  -reciprocal  or  dielectric  constant, 
which  is  the  ether  modified  by  its  relations  with  gross  mat¬ 
ter,  and  is  called  its  specific  inductive  capacity.  Ether, 
when  in  close  oroximitv  with  cross  mutter,  nntmrrmtlt*  n*. 
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the  conductor  or  wire  joining  an  electrical  circuit  which 
conducts  the  electricity,  but  the  tube  of  ether  including  the 
wire.  I  he  atoms  of  which  the  earth  is  composed  are  like¬ 
wise  permeated  with  the  ether  to  a  much  greater  extent  than 
the  atoms  of  gases  forming  the  air.  To  this  condition  Tesla 
has  given  the  name  of  bound  ether.  Similarly  as  mediums 
of  greater  densities  transmit  sound  waves  to  greater  dis- 
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Diagram  of  Wireless  Telephone. 


tances  than  mediums  of  lesser  densities,  so  the  bound  ether 
of  the  earth  will  propagate  electric  waves  of  proper  length 
to  greater  distances  than  that  of  the  ether-bound  air.  As  an 
illustration,  in  the  case  of  sound  waves,  if  a  bell  is  struck  in 
free  air  it  can  be  heard  at  a  distance  of  a  mile  ;  it  could  be 
heard  at  a  distance  of  twelve  miles  if  struck  under  water,  for 
water  has  a  density  twelve  times  that  of  air ;  now,  when  a 
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rapidly  alternating  current  of  high  potential  is  discharged 
into  the  earth  and  there  allowed  to  restore  the  equilibrium, 
electric  waves  are  emitted  and  propagated  through  the  earth; 
the  length  of  the  waves  is  determined  by  the  frequency  of 
alternation,  and  the  distance  of  propagation  will  depend  upon 
the  density  of  the  medium. 

These  waves  are,  of  course,  normally  radiated  in  every 
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the  batter)’,  2,  and  the  key,  3.  One  terminal  of  the  secondary 
winding,  4,  is  connected  with  a  special  form  of  transmitter, 
•6,  and  this  to  a  large  capacity,  7  The  opposite  terminal  of 
the  induction  coil  is  earthed  at  8,  and  bridged  across  the  ter¬ 
minal  of  the  secondary  is  the  condenser,  9.  10  is  a  “  variator,” 
which  will  be  again  referred  to.  The  receiver  is  quite  simple 
and  consists  essentially  of  a  transformer  coil,  1,  a  telephone 
receiver,  2,  and  a  battery,  3  ;  the  condenser,  4,  of  large  and 
equal  capacity  to  that  employed  in  the  transmitter,  and  5  the 
•earthed  terminal. 

The  action  of  the  instruments  is  as  follows:  When  the 
key,  3,  closes  the  primary  circuit  the  current  is  automatic¬ 
ally  varied  by  a  special  device,  10,  which  takes  the  place  of 
the  ordinary  interrupter ;  this  produces  alternation  in  the 
secondary  coil,  5,  giving  rise  to  high  potentials  at  the  termi¬ 
nals,  7  and  8.  This  potential  difference  is,  however,  modified 
by  the  transmitter,  6.  The  surging  of  the  alternating  cur¬ 
rents  through  the  circuit  formed  by  7  and  8  emits  waves 
principally  at  8,  and  these  traveling  with  the  speed  of  all 
other  electromagnetic  waves  reach  the  earth  plate,  5,  and, 
finding  an  ether  path  of  greater  density  surrounding  the  cir¬ 
cuit,  4  and  5,  traverse  that  circuit  in  preference  to  passing 
■onward  through  the  earth,  since  the  former  offers  the  least 
resistance.  This  sets  up  alternating  currents  in  the  trans¬ 
former  coil,  1,  and  these  are  impressed  on  the  telephone  re¬ 
ceiver,  2.  The  capacity  areas,  4  and  7,  should  be  large  and 
of  special  construction  to  secure  the  best  effects.  The  ca¬ 
pacities,  4  and  7,  are  not  elevated,  and  the  larger  the  capaci-' 
ties  the  greater  the  distance  over  which  articulate  speech 
may  be  carried  without  wires. 

Both  the  transmitter  and  receiver  are  mounted  on  tri¬ 
pods,  providing  the  operators  with  testing  apparatus'  almost 
as  portable  as  a  camera.  The  tests,  from  the  incipiency 
of  the  idea  of  wireless  telephony,  have  been  made  at 
Narberth,  Pa.,  where  the  conditions  were  all  that  could  be 
•desired.  In  1899  speech  was  transmitted  by  this  system  a 
distance  of  200  feet:  in  1000  a  mile  was  covered,  when  with 
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and  in  1902,  with  the  instruments  placed  on  hills  separated 
by  a  railroad,  valleys,  wooded  lands  and  numerous  streams, 
a  distance  of  three  miles  was  attained.  Tin'  results  have 
shown  the  possible  commercial  value  oi  this  system  ut  wire, 
less  telephony. 

POLYPHASE  C ;  E  N  E  RATc  >  RS, 

HY  ACTON  D.  ADAMS. 

Alternating1  currents  are  developed  in  the  armature 
windings  of  all  drum  or  ring-wound  dynamos.  Moreover, 
these  alternating  currents  in  the  windings  of  any  armature 
are  polyphase  rather  than  single-phase.  A  little  considera¬ 
tion  of  the  nature  of  alternating  dynamos  will  render  these 
facts  evident.  Any  alternating  current,  as  the  name 
indicates,  changes  its  direction  of  (low  along  a  conductor 
at  stated  intervals.  The  current,  in  either  direction,  starts 
from  zero,  rises  gradually  to  its  maximum,  and  then 
declines  gradually  to  zero  again.  Next  follows  a  gradual 
rise  of  current  in  the  direction  opposite  to  that  in  which  the 
flow  has  just  taken  place,  a  maximum  rate  and  then  a 
decline  to  zero,  as  before.  When  an  alternating  current 
has  completed  the  variations  just  described,  that  is,  has 
started  from  zero,  reached  a  maximum  in  one  direction, 
returned  to  zero  again,  and  then  performed  a  like  variation 
in  the  opposite  direction,  it  is  said  to  have  passed  through 
a  complete  cycle  or  period.  The  nu tuber  of  alternations 
or  changes  in  the  direction  of  flow  for  any  current  is  evi¬ 
dently  twice  as  great  as  its  number  of  periods  during  any 
unit  of  time,  since  the  current  must  change  twice  in  direc¬ 
tion  to  complete  a  period.  The  way  in  which  an  alternat¬ 
ing  current  changes  while  passing  from  zero  through  its 
maximum  and  to  zero  again,  may  be  illustrated  bv  a  curve. 
Such  a  curve  will  have  any  one  of  a  variety  of  shajKLS 
according  to  the  particular  current  it  represents.  One  of 
the  most  usual  sorts  of  alternating  current  may  be  very 
nearly  represented  by  a  sine  curve,  as  shown  in  Fig.  „».s8. 
This  is  called  a  sine  curve,  because  successive  points  on  It 
corresnond  in  their  distances  from  the  l  !!«%»»  ♦ 
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in  a  circle  whose  radius  equals  the  distance  of  the  highest 
and  lowest  points  on  the  curve  from  the  central,  horizontal 
line.  Inspection  of  the  figure  will  show  that  for  every 
point  on  the  quarter  of  the  sine  curve 'above  that  portion  of 
the  horizontal  line  between  the  points  marked  o  and  90, 
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there  is  a  corresponding  point  on  the  first  yo  degrees  of 
the  circle,  and  so  on  for  the  other  three-quarters  of  the 
sine  curve.  Alternating  currents  are  usually  produced  by 
dynamos,  but  they  may  be  readily  set  up  in  any  conductor 
by  the  operation  of  suitable  switching  devices  that  connect 
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Alternating  Current  from  Battery. 

with  a  chemical  battery  or  other  source  of  direct  current. 
In  Fig.  229  the  conductor,  N  S,  is  arranged  in  a  north 
and  south  direction,  and  a  compass  needle,  A,  is  freely 
mounted  over  it.  When  there  is  a  current  flowing  in  the 
conductor  from  the  battery,  B,  through  switches,  in  and  /, 
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the  black  point  of  the  needle  will  be  deflected  to  some  point 
as  x  or  y,  and  held  there  while  the  current,  remains  steady. 
If  the  current  from  the  battery,  B.is  caused  to  pass  through 
the  conductor,  N  S,  in  alternate  directions,  by  reversing 
the  connections  through  the  switches,  / and  w,  the  black 
point  of  the  needle  will  move  alternately  to  the  positions,  .r 
and  y.  The  conductor,  N  S,  will  thus  have  an  alternating 
current  set  up  in  it  from  a  source  of  purely  direct  current. 
If  an  ordinary  drum  armature  with  a  single  coil  winding 
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have  this  winding  connected  to  u  two-part  commutator,  the 
armature  will  yield  a  direct  but  intermittent  current  when 
revolved  in  a  bipolar  magnet  frame. 

Such  an  armature,  with  a  single  turn  to  its  coil,  is  illus¬ 
trated  in  Fig.  230a.  The  current  flowing  in  a  circuit  con- 
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corresponds  to  the  (low  of  current  that  results  from  one 
complete  revolution  of  the  armature,  and  is  laid  out  from 
the  semicircle  at  the  left  in  a  way  similar  to  that  in  which 
the  curve  of  Fig.  228  was  constructed.  The  two  halves  of 
the  current  curve  in  Fig.  231  must  be  constructed  to  corre¬ 
spond  with  points  on  a  half-circle,  instead  of  points  011  an 
entire  circle,  as  in  Fig.  228,  because  the  commutator  delivers 
current  to  the  brushes  and  the  connected  circuit  in  only  one 
direction,  though  this  current  flows  through  the  armature 
windings  in  alternate  directions.  If,  instead  of  the  two-part 
commutator,  an  armature  winding  is  provided  with  a  com¬ 
mutator  of  twenty-four  or  more  parts,  the  current  delivered 
at  the  brushes  will  be  nearly  uniform  in  volume,  as  well  as 
constant  in  its  direction  of  flow.  The  same  drum  armature 
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illustrated  in  Fig.  230#  is  again  shown  in  Fig.  230^,  except 
that  in  b  the  two-part  commutator  has  been  replaced  by 
t  wo  plain  copper  rings,  and  these  rings  are  connected  to 
the  single  coil  exactly  as  was  the  commutator.  In  other 
words,  one  of  the  copper  rings  is  connected  to  the  armature 
winding  at  any  desired  point,  and  the  connection  for  the 
other  copper  ring  joins  the  other  end  of  the  armature  wind¬ 
ing.  When  the  armature  with  these  collecting  rings,  as 


i ng  current,  and  may  be  represented  by  the  sine  curve  m 
Fig.  228.  It  is  now  well  to  consider  the  reason  that  causes 
the  direct  current  from  the  armature  with  a  two-part  com¬ 
mutator  in  Fig.  230#,  and  also  the  current  from  the  armature 
with  the  two  collector  rings  in  Fig.  230 b,  to  correspond  in 
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volume  at  any  instant  with  some  point  on  the  sine  eurve  in 
Fig.  228,  or  in  Fig.  231,  respectively. 

Each  turn  or  inductor  on  either  of  the  drum  armatures 
is  subject  to  a  like  influence  during  a  complete  revolution. 
It  will,  therefore,  be  sufficient,  to  consider  a  single  turn  or 
inductor.  For  this  purpose  take  the  inductor  that  is  di¬ 
rectly  connected  to  the  top  half  of  the  two-part  commutator 
in  Fig.  230^.  This  inductor  is  exactly  midway  between  the 
two  magnet  poles,  and,  assuming  it  to  be  in  motion,  there 
is  no  electromotive  force  being  developed  in  it  at  the  in¬ 
stant,  hence  it  cannot  act  as  a  sourer  oi  current.  As  the 
electromotive  force  developed  in  any  inductor  depends  ili- 
really  on  the  rate  at  which  it  is  passing  a  magnet  pole,  other 
factors  remaining  constant,  the  iuduetnr,  when  at  the  pnsi 
tion  stiown  in  Fig.  230^,  has  no  electromotive  lot  ee  developed 
in  it,  because  at  the  instant  it  is  not.  passing  either  magnet 
pole.  If  the  armature  in  this  figure  is  revolving  in  the  same 
direction  as  the  hands  of  a  clock,  the  inductor  will  begin 
to  pass  the  N  magnet  pole  as  soon  as  it  leaves  the  position 
midway  between  the  poles.  The  rate  at  which  the  imluetur 
is  passing  the  N  pole  at  any  instant  will  vary  as  the  sine  of 
the  angle  of  the  arc  through  which  it  has  moved  from  the 
position  shown  in  Fig.  230^.  This  sine  will  reach  its  maxi¬ 
mum  value  when  the  inductor  has  revolved  through  t>> 
degrees,  and  is,  therefore,  just  opposite  the  center  of  the 
magnet  pole.  At  this  position  of  the  inductor,  the  electro- 
motive  force  developed  in  it,  and  the  consequent  flow  of 
current,  corresponds  to  the  highest  point  on  the  fust  half 
of  the  sine  curve  in  Fig.  231.  As  the  inductor  move*  to 
its  lowest  position,  the  electromotive  force  developed  in  it, 
and  the  resulting  current,  gradually  drop  to  zero  through 
the  values  indicated  by  the  sine  curve  of  231,  between 
go  and  180  degrees.  In  the  remaining  1  Ho  degrees,  required 
to  complete  one  revolution  of  the  inductor,  the  electromotive 
forces  and  resulting  current  developed  will  correspond  in 
amounts  to  the  distances  of  points  on  the  sine  curve 
between  180  and  360  degrees,  from  the  horizontal  line  iti 
Fig.  231.  The  multiplication  of  inductors  on  the  drum 
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•electromotive  lorces  developed  in  any  one  inductor,  so  that 
the  sine  curve  of  Fig.  231  represents  the  results  as  to  current 
variations  for  a  drum  winding  of  any  number  of  turns  and  a 
two-part  commutator.  Now  the  only  effect  of  the  commu¬ 
tator  on  the  delivered  electromotive  forces  and  currents  is 
to  give  them  a  single  direction  in  the  external  circuit ; 
hence  it  follows  that.,  when  the  commutator  is  replaced  by 
the  contact  rings,  the  current  will  be  delivered  in  the  same 
direction  that  it  has  in  the  armature  at  any  instant,  and  the 
results  may  be  indicated  by  the  sine  curve  in  Fig.  228.  In 
Fig.  228  the  sine  curve  is  one-half  above  and  one-half  below 
the  horizontal  line,  because  each  inductor  has  developed  in 
it  an  electromotive  force  in  opposite  directions,  according 
to  the  pole  past  which  it  is  moving.  Any  alternating  gen¬ 
erator  that,  delivers  currents  that  may  all  be  represented, 
at  any  moment,  by  a  single  sine  curve,  like  that  in  Fig. 
228,  is  said  to  be  single-phase,  or  to  supply  single-phase 
current.  An  alternating  dynamo  that  delivers  two  or 
more  single-phase  currents,  which  do  not  attain  their  max¬ 
imum  or  zero  points  at  the  same  instant  of  time,  is  called 
a  multiphase  generator,  and  is  said  to  deliver  multiphase 
current.  As  a  matter  of  fact,  each  individual  current 
from  a  multiphase  generator  can  be  only  single-phase. 

A  drum  armature  similar  to  that  in  Fig.  230#  may  be 
wound  and  connected  so  as  to  deliver  any  desired  number 
of  alternating  currents,  each  of  which  will  be  single- phase 
when  considered  alone,  but  will  differ  in  phase  from  all  of 
the  others.  A  generator  with  such  an  armature  is  multi¬ 
phase.  While  multiphase  generators  may  yield  currents  of 
as  many  different  phases  as  are  desired,  such  generators  in 
practice  are  mostly  confined  to  two  and  three  phase  cur¬ 
rents.  The  development  of  two  and  three  phase  generators 
has  been  largely  due  to  the  demand  for  alternating  current 
motors.  A  single-phase  current  is  entirely  satisfactory  for 
electric  lighting  purposes,  but  has  serious  defects  when 
applied  to  the  operation  of  electric  motors.  Two  or  three 
alternating  currents  of  different  phase,  on  the  other  hand, 
give  excellent  results  in  the  production  of  electric  motive 
power,  and  are  suitable  for  electric  lighting. 
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A  two-phase  generator  delivers  two  alternating  currents,, 
which  have  their  maximum  values  at  points  90  degrees 
apart  in  each  revolution.  If  a  drum  armature,  similar  to 
that  in  Fig.  230 b,  is  provided  with  two  coils  of  one  or  more 
turns  each,  at  points  90  degrees  apart,  and  the  ends  of  these 
coils  are  brought  out  to  four  separate  contact  rings,  these 
rings  will  deliver  two-phase  currents  when  the  armature 
revolves  in  a  bipolar  magnet  frame.  Such  a  drum  arma¬ 
ture,  with  two  separate  coils  of  one  turn  each,  is  shown  in 
Fig.  230c,  with  two  pairs  of  contact  rings.  In  a  practical 
case,  the  contact  rings  would  all  have  equal  diameters,  but 
they  are  here  shown  in  different  sizes  for  clearness.  It  is. 


Fig.  232 


Sine  Curve  of  Two-Phase  Current. 


clear  that,  as  the  armature  in  Fig.  230c  revolves  in  its  bipolar- 
magnet  frame,  each  coil  will  begin  to  pass  either  pole  90 
degrees  in  advance  or  90  degrees  behind  the  other  coil. 
From  this  it  follows  that  corresponding  points  on  the  sine 
curves  of  electromotive  force  or  current  delivered  by  the 
two  coils  must  be  90  degrees  apart.  The  two-phase  cur¬ 
rents  delivered  by  the  armature  of  Fig.  230^  are  illustrated 
by  the  sine  curves  in  Fig.  232,  which  represent  two  currents, 
each  single-phase,  but  one  of  which  is  90  degrees  behind  the ' 
other  at  zero,  maximum  and  all  other  points.  The  curves, 
in  Fig.  232  represent  the  currents  delivered  during  one 
revolution  of  the  armature  by  the  two  coils.  As  may  be 
s«en  from  the  figures  marked  along  the  horizontal  line, 
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which  indicate  degrees  on  the  circle  of  revolution,  one 
tut  lent  is  at  its  maximum  when  the  other  is  at  its  zero 
value,  at  the  beginning,  the  middle  and  the  end  of  the  revo¬ 
lution,  that  is,  at  o,  90,  180,  270  and  360  degrees. 

A  three-phase  generator  delivers  three  alternating  cur¬ 
rents,  which  have  their  maximum  values  60  degrees  apart  in 
each  revolution  of  the  armature.  If  a  drum  armature,  like 
those  shown  in  Fig.  230/;  and  c,  is  provided  with  three 
separate  coils,  spaced  60  degrees  apart  about  the  core,  and 
each  coil  is  connected  to  a  separate  pair  of  contact  rings, 
the  armature  will  deliver  three-phase  currents,  when  oper¬ 
ated  in  a  bipolar  magnet  frame.  Such  an  armature,  with 
three  coils  of  one  turn  each,  and  with  six  contact  rings,  is 


Three-Phase, 


shown  in  Fig.  230 d.  The  three  coils  in  this  figure,  like  the 
two  coils  cm  the  armature  in  Fig.  230/;,  are  entirely  inde¬ 
pendent  of  each  other,  and  there  is  no  electrical  connection 
between  them. 

The  three  currents  delivered  by  the  armature  in  Fig. 
-30 d  are  illustrated  by  the  three  sine  curves  in  Fig,  233,  which 
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ness ;  but  if  the  coil  or  coils  in  each  case  had  many  tuir.s, 
and  covered  the  entire  core,  the  nature  ul  the  rurmih  pc 
duced  would  remain  the  same,  though  the  elei  n  omnti\  e 
forces  and  amounts  of  current  might  lie  thus  im.  teased. 

In  polyphase  generators  for  practical  work,  two  or  uioie 
armature  coils  are  usually  connected  to  each  pair  ot  collet t 
ing  rings,  each  coil  has  quite  a  number  ot  turns,  all  the  coils 
are  laid  in  slots  in  the,  iron  armature  cores,  and  multipolar 
magnet  frames  are  almost  always  employed.  Considerable 
numbers  of  coils  are  necessary  to  properly  distribute  the 
windings  oyer  the  armature  e  ires,  and  many  turns  ate 
required  to  develop  the  electromotive  hirer  wanted,  which, 
in  some  cases,  is  as  high  as  lo.otx)  volts.  Slutted  ai  matutc 
cores  are  employed  to  keep  the  magnetic  trsistaurr  of  the 
air  gaps  from  cores  to  magnet  poles  within  modetate  Itgtit  cs, 
to  provide  secure  means  for  holding  the  coils  amt  to  give 
ample  room  for  insulation  between  the  windings  ami  the 


magnet  frames  are  necessary  to  give  cut  rents  with  the 
required  frequencies  or  numbers  of  periods  per  sirttml,  As 
already  pointed  out,  a  period  or  cycle  ot  an  altci uatiug 
current  is  its  rise  from  zero  to  a  maximum  value  in  one 
direction,  a  return  to  zero  and  rise  to  a  maximum  in  the 
opposite  direction,  with  a  final  return  to  zero  again,  as  illus¬ 
trated  by  the  sine  curve  in  Fig,  ajK.  Multiphase  generators 
are  usually  designed  for  either  2f>,  40  or  (m  cycles  per 
second.  Current  of  25  cycles  is  especially  suitable  for 
power  purposes,  while  currents  of  40  and  fi  1  cycles  are 
used  for  both  power  and  lighting.  Each  independent  arm- 
ature  circuit,  with  its  own  pair  of  collecting  rings  on  a 
polyphase  generator,  supplies  current  with  a  number  til 
cycles  per  second  that  equals  the  product  of  the  nutnbei 
of  armature  revolutions  per  second  by  the  number  of  pahs 
of  magnet  poles  between  which  the  armature  revolve**. 
The  number  of  cycles  or  periods  per  second  k  tints  entttHv 
independent  of  the  number  of  armature  ants  or  of  the 
number  of  turns  per  coil.  Thus,  the  armature  in  Fig, 
where  there  is  one  pair  of  poles,  must  revolve  2%  xho  -  t 
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times  per  minute  in  the  bipolar  frame  to  yield  a  current  of 
25  cycles  per  second.  In  like  manner,  the  same  armature 
must  revolve  40  xtu  2,400  times  and  60x60 •  3,600  times 
per  minute  to  develop  currents  of  40  and  60  cycles  per 
second,  respectively.  If  generators  must:  yield  25  cycles 
per  second,  or  25x60  1,500  cycles  per  minute,  at  750 

revolutions  per  minute,  the  number  of  magnet  poles  must 
be  four,  so  that  the  number  of  pairs  of  poles  will  be  two, 
because  750  x  2  --  1,500. 

Polyphase  generators  may  be  divided  into  three  classes,  in 
one  of  which  the  armature  revolves ;  in  another  the  magnet 
frame  revolves  and  the  armature  is  stationary;  and  in  a 
third  the  magnet  and  armature  coils  are  all  stationary,  and 
only  a  mass  of  iron,  called  an  inductor,  is  revolved.  Gen¬ 
erators  with  revolving  armatures  are  suitable  where  small 
capacities  or  high  speeds  of  revolution  are  wanted,  and 
where  the  armature  voltage  is  moderate.  When  the  gen¬ 
erator  must  supply  current  at  3,000  to  10,000  volts,  the 
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in  tht‘  armature*  of  tilty  periods  per  seeond.  In  each  phase 
it  generates  a  current  ot  Ry  amperes  at  a  potential  of  3,000 
volts.  In  order  to  secure  mechanical  rigidity  in  the  arma¬ 
ture,  it  will  be  noted  that  on  each  side  there  are  six  rods  of 
forged  iron  terminating  at  a  collar  piece,  each  of  which  can 
be  adjusted  by  set  screws.  The  stationary  armature  has  the 
appearance  of  great  lightness.  The  direct-current  dynamo 
used  to  excite  the  fields  of  this  alternator  is  seen  in  the  fore¬ 
ground,  and  it  will  be  noted  is  directly  connected  to  the 
driving  shaft  of  the  main  machine.  The  collector  brushes 
of  this  machine  are  seen  on  the  end  of  the  shaft,  the  com¬ 
mutator  being  placed  on  the  extreme  outside,  while  the  slip 
rings  and  brushes  of  the  alternator  are  inside  the  main  bear¬ 
ing. 


INDUCTION  MOTORS. 

»Y  ALTON  U.  ADAMS. 

Induction  motors  differ  radically  from  other  types, 
because  a  part  of  the  currents  that  yield  mechanical  work 
flow  in  conductors  having  no  electrical  connection  with 
any  external  circuit,  in  other  words,  induction  motors  are 
so  called  because  a  part  of  the  windings  on  each  motor  are 
closed  circuits  within  themselves,  and  the  currents  in  these 
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sets  of  winding's.  In  one  set  ol  these  windings  cmtcnt  is 
supplied  from  a  polyphase  generator,  and  this  entreat  is, 
therefore,  alternating.  The  other  set  of  motor  windings 
is,  as  has  been  stated,  not  connected  to  any  external  source 
of  current  supply,  but  forms  a  complete  circuit  in  itself. 
The  set  of  windings  which  receives  current  from  an  outside 


carry  only  induced  currents  are  called  secondary  cods. 
Either  the  part  of  the  motor  which  carries  the  primary,  nr 
that  which  carries  the  secondary  windings,  may  revolve. 
In  practice  it  is  better  to  revolve  the  secondary  windings, 
and  to  keep  the  primary  windings  stationary,  because  all 
sliding  contacts  are  thus  avoided,  and  this  is  the  general 
construction.  It  is  desirable  to  avoid  the  words  armature 


currents  in  the  iron  and  resulting  losses  from  heat.  In  all 
dynamos  the  armature  cores  are,  therefore,  laminated,  but 
the  magnet  frames  are  often  of  solid  iron,  because,  being 
excited  by  direct  currents,  their  magnetisation  remains  nearly 
constant.  The  entire  magnetic  circuit  of  an  induction  motor 
must  be  built  up  of  thin  Iron  sheets,  because  its  magnetism 


vxt'its  a  j«nvrriyl  turning'  effort.  This  tendency  to  rota- 
lion  h  due  to  flic  combined  action  of  the  two  primary  cur- 
rriitM  in  the  roils  of  the*  stator,  and  to  the  induced  currents 
in  the  closed  roils  of  the  rotor.  This  action  may  be  more 
easily  umirrstt«»d  by  reference  to  a  direct -current  motor. 
The  mat  bine*  illustrated  in  Fig.  2\ua  may  be  used  as  such  a 
motor,  m  well  as  for  a  dynamo  If  direct  current  is  sup¬ 
plied  to  the  magnet  windings  and  to  the  single  armature 
roil  of  the  motor  in  this  figure  no  motion  of  the  armature 
%% ill  jesulf,  when  the  armature  coil  k  in  the  position  shown, 
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can  be  got  from  the  current  in  its  coils.  In  any  other  posi¬ 
tions  of  the  coil  current  in  the  (-oil  will  give  a  tinning  ( that 
if  the  magnets  are  excited.  This  turning  etfmt  is  due  to 
the  fact  that  a  conductor  lying  across  the  pole  t»l  a  magnet 
is  subject  to  a  force  tending  to  move  it  past  the  pole  in  one 
direction  or  the  other,  according  to  the  direction  in  u  hit  It 
current  is  flowing  in  the  conductor.  11  the  motor  armature 
in  Fig.  230a  is  provided  with  two  or  more  coils.  connected 
to  a  commutator  with  four  or  more  segments,  there  whl  be 
one  or  more  conductors  in  front  of  each  pole  at  even*  stage 
of  the  revolution,  and  the  armature  will,  therefore,  be  sell, 
starting  in  any  position.  In  this  direct-current  motor  the 
tendency  to  armature  rotation  is  maintained,  because  the 
revolution  constantly  brings  conductors,  carrying  cm  rents, 
into  positions  before  the  fixed  magnet  poles.  U  the  anna 
turc  in  the  case  of  a  direct-current  motor  is  fixed  in  its 
position,  and  the  magnet  frame  and  commutator  brushes 
are  mounted  so  as  to  revolve,  motion  will  result  ns  before, 
when  current  is  supplied  to  the  magnet  coils  and  to  the 
commutator  brushes.  In  this  ease  revolving  magnet  poles 
are  constantly  brought  over  armature  conductors  that  have 
current  passing  through  them.  An  induction  motor  pte. 
sents  much  the  same  result  as  that  just  named,  but  the 
revolution  of  magnet  poles  is  brought  about  by  magnetic 
instead  of  mechanical  motion.  Returning  to  Fig.  .*45, 
assume  that  a  single-phase  current  is  supplied  to  one  of  the 
primary  coils  with  terminals,  a  and  h,  A  result  will  be  the 
development  of  two  magnet  poles  on  the  interior  circum¬ 
ference  of  the  fixed  outer  ring.  These  poles  will  be  devel¬ 
oped  at  points  on  this  ring  midway  between  the  notches 
where  the  coil,  a  d,  passes  through  it ;  that  is,  at  the  notches 
where  the  coil,  c  d,  pierces  the  ring.  At:  each  of  these  two 
points  the  magnetic  pole  will  develop  and  increase  to  its 
maximum  intensity  in  one  direction,  then  fall  to  zero, 
increase  to  its  maximum  intensity  in  the  other  direction, 
and  then  fail  to  zero  again,  during  each  period  of  the  alter¬ 
nating  current.  Obviously  the  changes  in  the  two  magnetic 
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the  development  of  poles  at  any  points  on  the  external  ring 
aside  from  those  designated.  In  other  words,  there  is  no 
tendency  for  the  two  poles  to  travel  in  a  circle,  as  when  the 
magnet  frame  of  a  direct -current  motor  was  allowed  to 
rotate  mechanically.  If,  now,  the  current  in  the  coil,  a  b , 
is  discontinued  and  a  like  current,  is  supplied  to  the  coil, 
c  d ,  two  poles,  constantly  varying  in  strength,  but  fixed  in 
position,  will  be  developed  on  the  interior  surface  of  the 
fixed  ring,  but  in  this  case  these  poles  will  be  located  at  the 
notches  where  the  coil,  a  b,  passes  through  the  ring,  or  90 
degrees  from  the  poles  developed  by  current;  in  the  goil, 
a  Ik  The  supply  of  one  single-phase  current  to  the  coil, 
a  Ik  and  of  another  single-phase  current  to  the  coil,  c  d,  at 
the  same  lime,  the  two  currents  being  90  degrees  apart  in 
phase,  as  illustrated  in  Fig.  235,  will  cause  a  pair  of  mag¬ 
netic  poles  to  rotate  uniformly  about  the  inner  surface  of 
the  fixed  ring.  As  pointed  out  above,  the  current  in 
tht‘  coil,  a  b%  will  tend  to  develop  a  pair  of  poles  at  the 
notches  where  the  coil,  r  d,  passes  through  the  ring,  and 
as  the  current  in  the  c  d  coil  differs  90  degrees  in  phase 
from  the  current  in  the  a  b  coil,  the  current  in  the  a  b  coil 
and  the  magnetic  poles  at  the  notches  of  the  c  d  coil  will 
have  their  maximum  values  when  the  current  in  the  c  d coil 
is  zero.  As  the  current  in  the  a  b  coil  declines  in  amount, 
the  current  in  the  c  d  coil  increases,  and  the  resulting  mag¬ 
netization  of  the  ring  is  developed  by  their  combined  action. 


and  the  current  in  c  d  coil  has  risen  to  only  a  small  part  of 
its  maximum  value,  the  pair  of  magnetic  poles  will  no  longer 
he  at  the  notches  of  the  c  d  coil,  but  will  have  moved  a  little 
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coil  to  increase,  the  pair  of  magnet  poles  moves  o  i  toward 
the  notches  of  a  b  coil,  and  reaches  these  notches  at  the 
instant  when  the  current  in  the  a  b  coil  is  zero,  and  tin4 
current  in  the  c  d  coil  at  its  maximum  value.  While  the 
current  in  the  a  b  coil  has  fallen  from  its  maximum  to  zero, 
and  the  current  in  c  d  coil  has  risen  from  zero  to  maximum, 
that  is,  during  one-fourth  of  a  period,  the  two  magnet  poles 
on  the  interior  surface  of  the  fixed  ring  have  traveled  go 
degrees,  or  one-quarter  way  round  the  circle.  In  a  pre¬ 
cisely  similar  way  the  magnet  poles  continue  their  rotation 
as  the  cycles  of  the  currents  in  the  two  primary  coils 
progress  through  the  remaining  three-quarters  of  the  revo¬ 
lution,  and  so  on,  as  long  as  the  supply  of  current  m  the 
coils  is  maintained.  While  the  currents  in  the  two  primaty 
coils  have  maintained  a  pair  of  rotating  poles  on  the  inner 
surface  of  the  fixed  ring,  they  have  also  induced  currents 
in  the  closed  secondary  coils  on  the  rotor.  Reactions 
between  the  rota 
the  rotor  give  th 
effort.  This  effo 
rotor,  as  in  the  case  of 
induction  motor  has  a  s 
that  exerted  whe 
speed.  Compare 
fixed  armature  at 
motor  substitute! 
masses  of  iron  ant 
for  current  from 
number  of  polypi 
spending  number 
In  practice,  c 
seldom  employed 
a  larger  number 
arranged  that  th' 
already  described 
in  a  three-phase  it 
ment  of  nrimarv 
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pair  of  poles  midway  between  the  slots  in  which  it  is  located 
when  supplied  with  current.  When  these  three  primary 
coils,  in  big.  23b,  are  supplied  with  currents  that  differ 
successively  by  60  degrees  in  phase,  as  illustrated  by  the 
curves  in  Fig.  233,  their  combined  effect  is  to  develop  a 
single  pair  of  poles  that  rotate  at  a  uniform  rate  about  the 
interior  surlace  of  the  fixed  ring. 

Corresponding  secondary  eurrents  are  induced  in  the 
conductors  of  the  rotor  by  the  currents  in  the  primary 
coils,  and  the  torque  of  the  motor  depends  on  reactions 
between  the  secondary  currents  and  the  rotating  magnet 
poles. 

Bipolar  primary  windings  have  been  shown  in  Figs.  235 
and  23b,  for  the  sake  of  simplicity,  but  windings  may  be 
so  arranged  as  to  develop  any  desired  number  of  pairs  of 
poles  about  the  inner  surface  of  the  stator  in  an  induction 
motor  of  cither  two,  three  or  other  number  of  phases. 
Induction  motors  are  most  extensively  driven  by  currents 
from  two  or  three-phase  generators,  but  similar  results  are 
also  obtained  with  single-phase  alternating  current.  When 
alternating  current  is  supplied  to  one  of  the  primary  colls, 
as  a  of  the  induction  motor  in  Fig.  235,  induced  currents 
are  developed  in  the  closed  windings  of  the  rotor,  and  there 
is  a  reaction  or  turning  effort  exerted  between  the  rotor  and 
the  fixed  magnet  poles  on  the  interior  of  the  fixed  ring. 
These  reactions  cannot  set  the  rotor  in  motion,  because  they 
are  equal  ami  opposite  in  direction.  Evidently,  if  these 
opposing  forces  are  put  out  of  balance  in  some  way,  the 
rotor  will  he  put  or  maintained  in  motion.  If  the  rotor  in 
Fig.  235  is  set  in  motion  by  a  turn  of  the  hand,  or  other 
means,  while  only  one  of  the  primary  coils  on  the  stator  is 
connected  to  a  source  of  alternating  current,  the  reactions 
of  the  induced  currents  in  the  iotor  winding  will  weaken 
the  magnet  pole  on  the  stator  that  opposes  the  motion  of 
the  rotor,  but  will  not  weaken  the  magnet  pole  that  tends 
to  drag  the  rotor  in  the  direction  of  its  motion.  In  other 
words,  the  motion  of  the  rotor  destroys  the  equilibrium  of 
the  magnetic  forces  acting  cm  the  rotor.  A  result  of  this  is 
that  the  rotor,  when  once  started,  constantly  gains  in  the 
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rate  of  revolution  until  its  normal  speed  is  reached.  At 
this  point  the  reactions  between  the  magnetizing  current  m 
the  primary  coil  and  the  induced  currents  in  the  lutut 
winding-  produce  two  rotating  magnet  poles  that  travel 
around  the  inner  surface  of  the  fixed  ring  in  much  the  same 
way  as  the  poles  developed  when  the  two  primary  coils  ate 
supplied  with  two  currents  that  differ  90  deg  tees  in  phase. 
One  important  objection  to  a  single-phase  motor  of  this 
type  is  its  inability  to  start  with  a  load,  even  when  aided  a 
little  at  first,  because  the  torque  of  such  a  motor  is  small 
until  it  gains  considerable  speed,  I  His  objection  is  of 
especial  importance  with  large  motors.  For  small  motors 
that  can  be  started  without  load,  this  type  of  siugle-phase 
induction  motor  offers  a  very  simple  const  ruction. 


Fas  23? 


Connections  of  Single-Pbali  Induction  Motor. 


If  an  induction  motor  is  to  be  used  with  single-phase 
current,  and  started  in  the  way  just  described,  the  rotor 
winding  should  have  its  ends  brought  to  a  pair  of  collecting 
rings,  and  then  a  variable  resistance  connected  to  these 
rings.  Before  the  primary  coil  is  connected  to  the  supply 
line,  the  resistance  should  be  so  adjusted  that  not  more  than 
twice  the  normal  current  can  flow  in  the  rotor  coils.  As 
the  rotor  rises  to  its  normal  speed  this  resistance  should  be 
gradually  cut  out,  until  the  rotor  coils  are  practically  closed 
on  themselves.  Another  method  of  bringing  the  rotor  of  a 
single-phase  induction  motor  up  to  speed  where  the  com¬ 
bined  actions  of  the  primary  and  secondary  currents  will 
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the  larger,  /»,  the  working  winding.  At  the  time  of  starting 
the  two  primary  windings  are  connected  in  .series,  and  the 
starting  winding  is  shunted  with  a  non-inductive  resistance. 

The  combined  effect  of  these  two  windings,  when  sup¬ 
plied  with  single-phase  current,  is  to  set  up  an  irregular, 
rotating  magnetic  held.  This  held  reacts  with  the  induced 
currents  of  the  rotor  conductors,  and  brings  the  rotor  up 
to  speed.  As  soon  as  the  normal  motor  speed  is  attained, 
the  switch  should  he  moved  to  the  contact  that  cuts  out 
the  starting  coil,  and  leaves  the  working  coil  in  circuit. 
Several  other  devices  have  been  adopted  by  different  motor 
manufaeturers,  to  produce  an  irregular  rotating  magnetic 
held  in  the  stator  of  a  single  phase  motor,  for  the  purpose 
of  giving  it  a  starting  torque. 

The  normal  speed  of  rotation  for  an  induction  motor  of 
one,  two  and  more  phases  is  a  little  less  than  its  synchron¬ 
ous  speed  would  be.  By  the  synchronous  speed  of  a  motor 
is  meant  that,  speed  which,  when  multiplied  by  the  number 
of  pairs  of  motor  pedes,  will  give  a  number  corresponding 
to  the  periods  of  the  generator  and  supply  line  with  which 
the  motor  is  connected. 

Take,  for  instance,  the  case  of  a  four-pole  induction 
motor  of  any  phase,  that  is  to  be  connected  to  a  generator 
yielding  current  at  60  cycles  or  periods  per  second.  As 
this  motor  has  two  pairs  of  poles,  its  revolutions  per  second 

at  synchronism  will  be  60  +  2  »  30,  and  its  revolutions  per 
minute  30  *  60  -  1H00.  If  the  motor  used  has  six  poles 
instead  of  four,  the  synchronous  speed  will  be  60  *+•  3  =  20 
per  second,  or  20  x  60  «  1200  per  minute.  Obviously  the 
number  of  motor  pules  may  be  very  different  from  that  of 
tlu*  generator  which  furnishes  the  supply  of  energy.  Thus 
a  direct-connected  generator  might  operate  at  120  revolu¬ 
tions  per  minute,  or  two  per  second,  so  that  its  number  of 
pairs  of  poles  must  be  60  +■  2  =»  30  hi  develop  current  at  60 
cycles  per  second. 

No  induction  motor  ever  runs  quite  up  to  the  speed 
that  would  bring  it  into  synchronism  with  its  soiuce  of 
current,  because  at  the  synchronous  speed  it  could  not 
exert  any  torque.  The  amount  by  which  the  rotor  of 
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an  induction  motor  lags  behind  its  synchronous  speed  is 
usually  less  than  5  per  cent,  of  that  speed,  and  varies  with 
the  construction  of  the  motor,  and  also  with  the  amount  of 
load  it  is  carrying.  As  the  load  on  a  motor  is  increased  the 
speed  drops,  and  this  condition  is  necessary  in  order  to 
provide  for  the  greater  required  torque.  The  difference 
between  the  actual  speed  of  rotation  for  the  motor  ami  the 
speed  at  which  it  would  he  in  synchronism  with  the  source 
of  current  supply  is  called  the  slip.  Evidently  the  slip 
increases  with  the  load. 

In  the  early  days  of  polyphase  generators  and  induction 
motors,  it  was  common  to  keep  coils  on  either  gemoatots 
or  motors,  that  carried  currents  differing  in  phase,  entirely 
distinct  from  each  other.  When  single-phase  cui rent  uas 
transmitted,  only  two  wires  were  necessary  between  genet 
ator  and  motor.  For  two-phase  currents  four  wires  were 
required,  and  with  three-phase  currents  six  wires,  when  a 
distinct  circuit  was  provided  for  each  phase.  To  a  von  I 
this  multiplication  of  wires  and  circuits,  it  is  now  the  gem 
oral  practice  to  join  all  of  the  coils  on  the  armature  of  a 
polyphase  generator,  as  well  as  all  of  the  primary  coils  on 
an  induction  motor.  One  advantage  of  this  practice  i*  that 
the  number  of  contact  rings  on  a  two-phase  generator  h 
reduced  fiom  four  to  three,  and  on  a  three-phase  generator 
from  six  to  three.  Another  and  stiff  greater  advantage  of 
the  combination  of  armature  circuits  cm  polyphase*  gener 
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phase  motor,  arranged  on  the  star  plan.  The  two  generator 
coils,  <i  />,  are  joined  at  one  end,  and  a  separate  line  wire  is 
connected  to  this  junction  and  to  each  of  the  free  ends. 
These  three  line  win's  connect  with  the  two  primary  coils, 
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system  of  connection  for  a  three-phase  generator  and  motor 
is  shown  in  Fig.  240.  Here  three  points  in  the  mesh  ni 
armature  coils,  a  be ,  120  degrees  apart,  are  joined  to  cor¬ 
responding  points  in  the  mesh  of  primary  coils,  eftf,  on  a 
three-phase  induction  motor.  Either  of  the  methods  of 


Fig.  241 


Connections  of  Complete  Three-Phase  Generator  and  Motor. 


connection  shown  secures  'the  advantage  of  ample  starting 
torque  for  motors,  but  their  use  will  vary  according  to 
other  requirements  of  the  service. 

THREE-PHASE  MOTOR  AT  IIRLLEGAROK. 

The  most  interesting  of  the  works  driven  electrically 
at  Bellegarde,  about  twenty  miles  below  Geneva,  Switzer¬ 
land,  is  the  cotton  mill,  which  is  550  yards  distant  from 
the  water  power  and  generators,  employs  one  three-phase 
motor  of  120  to  170  horse  power  for  driving  the  openers, 
carding,  combing  and  drawing  frames  and  fliers,  and  sup¬ 
plies  360  incandescent  lamps.  One  120  to  r 70  horse  power 
three-phase  motor  drives  the  self-actors,  and  one  15  to  30 
horse  power  motor  of  the  same  class  is  employed  for  driv¬ 
ing  the  ventilating  fans  and  the  workshops. 

These  motors  are  illustrated  in  the  annexed  engrav¬ 
ings,  which  we  take  from  Engineering,  The  larger  motors 
weigh  5.8  tons  each  and  the  smaller  motor  weighs  t.2  tons. 
These  motors  are  started  by  resistance  starters,  and  under 
normal  conditions  attain  their  full  speed  in  the  space  of  one 
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minute.  The  inducing  part  of  the  held  of  the  motor  which 
connects  with  the  mains  is  outside,  and  stationary,  while 
the  armature  or  induced  part  is  made  rotary,  thus  avoiding 
sliding  contacts.  The  winding  of  both  parts  is  similar,  the 
core  being  composed  of  alternating  laminae  of  sheet  iron 
and  insulating  paper  pressed  together  between  two  outer 
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rings  ami  pierced  near  the  periphery  by  equidistant  oval¬ 
shaped  (or  circular!  holes  in  which  the  copper  windings  are 
placed.  Portions  of  the  inducing  winding  arc  so  bent  and 
arranged  as  to  be  always  at  the  same  distance  from  the  axis 
of  the  motor,  and  in  large  motors  (from  40  to  120  horse 
power)  the  straight  portions  are  placed  in  stiff  paper  or 
'  tubes  fitting  into  the  oval  perforations. 
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The  winding-  of  the  induced  rotary  part  consists  either 
of  wire  or  of  copper  bars,  and  is  also  placed  in  peripheral 
holes.  By  this  construction  all  the  magnetic  resistances  in 
both  parts  are  reduced  to  a  minimum,  while  the  peculiar 
winding  of  the  inducing  part  insures  perfect  symmetry, 
great  economy  of  space,  and  easy  inspection  and  repair. 
The  wires  or  bars  of  the  rotary  part  extend  beyond  the  core 
on  each  side,  the  ends  being  bent  and  soldered  together  to 
form  a  drum  winding  short  circuit  on  itself.  The  windings 
•of  both  parts  are  symmetrical,  but  independent  of  each 
other  as  regards  polarity,  the  peripheral  holes  being  equi¬ 
distant  and  the  surfaces  of  the  alternating  iron  cores  being 
smooth  and  uniform  all  around,  and  any  number  of  poles 
can  be  formed  in  the  inducing  part  without  any  polar  pro 
jections.  By  virtue  of  this  arrangement,  the  motor  is 
enabled  not  only  to  run  non-synclmmously  with  the  gem 
crator,  but  with  a  considerable  torque  without  separate 
■excitation,  so  that  commutators  and  brushes  are  entirely 
dispensed  with. 

To  start  these  motors  it  is  necessary  to  produce  a 
difference  of  phase  to  destroy  the  equilibrium  of  forces, 
which,  although  the  current  be  switched  on,  causes  the  in 
ducecl  part  to  remain  neutral,  and  prevents  it  from  rotating 
unless  it  is  set  in  motion.  As  differences  of  phase  are  pro 
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direct  into  alternating  current.  A  frequent  case  arises, 
where  the  energy  of  falling  water  is  electrically  transmitted 
at  high  pressure  to  a  distant  city,  and  there  distributed  as 
direct  current.  Another  instance  occurs  when  an  electric 
railway,  too  long  to  be  led  with  direct  current  at  500  volts 
from  a  single  generating  station,  has  one  or  more  sub-stations 
along  its  line,  where  alternating  current,  developed  at  the 
main  power  plant,  is  received  at  high  pressure  and  trans¬ 
formed  to  the  voltage  of  distribution.  After  this  energy  is 
reduced  in  pressure  it  must  still  be  converted  to  direct  cur¬ 
rent,  in  the  great  majority  of  instances.  Sometimes  a 
factory  or  mine,  drawing  its  supply  of  electrical  energy 
from  a  direct-current  system,  requires  alternating  current  to 
drive  induction  motors  in  places  much  exposed  to  dirt  and 
water,  or  that  must  be  free  from  sparks.  Here  again  the 
conversion  of  energy  is  required.  In  general  there  are 
three  ways  in  which  alternating  current  may  be  converted 
to  direct,  or  direct  current  to  alternating ;  that  is  by  the  use 
of  motor  dynamos,  double- wound  dynamos  or  of  rotary 
converters.  The  motor  dynamo  consists  simply  of  a  motor 
and  a  dynamo  mechanically  connected.  The  motor  may  be 
adapted  to  receive  either  alternating  or  direct  current,  and 
the  dynamo  may  be  designed  to  deliver  either  sort.  Obvi¬ 
ously  this  combination  of  two  machines  may  be  made  to 
convert  either  alternating  into  direct,  or  direct  into  alternat¬ 
ing  current,  with  any  desired  range  in  voltage  or  number  of 
phases,  since  the  windings  of  the  two  are  entirely  separate. 
Efficiency  for  the  motor  dynamo  must  be  lower  than  that 
of  either  machine  alone  of  the  two  that  go  to  make  it  up. 
Thus  if  the  motor  and  the  dynamo  employed  each  have  an 
efficiency  of  90  per  cent,  the  complete  motor  dynamo  can 
have  an  efficiency  of  only  .gox.gosBi  per  cent.  As  the 
output  of  the  motor  dynamo  is  a  little  less  than  half  of  the 
combined  capacity  of  the  two  machines  that  compose  it,  its 
weight  and  first  cost  per  unit  of  capacity's  high. 

In  the  double-wound  dynamo  there  is  a  single  magnet 
frame  and  armature  core,  but  the  armature  core  is  provided 
with  two  entirely  distinct  windings,  insulated  from  each, 
other.  One  of  these  windings  may  receive  either  alter n at- 


542 


EXPERI M  ENTA  I.  SCllON'C  K— A I  *  I '  K  N  l  >  1 X . 


in g  or  direct  current  to  drive  the  armature  like  that  of  a 
motor,  and  the  .other  winding  may  deliver  either  direct  or 
alternating  current,  the  latter  being  of  one,  two  or  more 
phases.  The  double-wound  dynamo  has  a  smaller  weight 
and  cost  per  unit  of  output  capacity  than  the  motor  dynamo, 
and  also  a  somewhat  higher  efficiency.  The  double-wound 
dynamo  is  somewhat  limited  as  to  the  range  of  voltage  in 
its  two  sets  of  armature  coils,  because  of  difficulties  of 
structure  and  insulation. 

In  the  third  method  of  conversion  of  alternating  to 
direct,  or  of  direct  to  alternating  current,  a  single  machine 
with  only  one  armature  winding  is  employed.  This  arma¬ 
ture  winding  is  connected  to  a  commutator,  and  also  to  two 
or  more  contact  rings  according  to  the  number  of  phases  ol 
the  'alternating  current  that  is  to  be  received  or  delivered. 
Such  a  machine  is  a  rotary  converter.  Alternating  current 
of  the  appropriate  number  of  phases  may  be  sent  into  the 


direct  current  be  delivered  at  the  commutator. 

On  the  other  hand,  direct  current  may  be  supplied 
through  the  commutator  to  drive  the  armature,  and  alter¬ 
nating  current  of  any  number  of  phases  taken  from  a  corre- 


or  commutator,  to  drive  it,  is  not  the  same  current  that  is 
delivered  by  the  commutator  or  rings,  though  the  latter 
comes  from  the  same  winding.  Considering  the  rotary 
converter  at  first  simply  as  a  motor,  the  flow  of  the  alternat¬ 
ing  or  direct  current,  that  drives  it,  through  the  armature 
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armature  between  its  magnet  poles.  On  the  other  hand,  the 
current  delivered  by  the  commutator  or  rings  has  the  same 
direction  as  t.he  electromotive  force  developed  in  the  coils 
by  t  he  revolution  of  the  armature,  as  must  be  the  case  in 
any  dynamo.  As  the  driving  and  delivered  currents  of  a 
rotary  converter  How  in  opposite  directions  in  the  same 
armature  winding,  the  current  moving  in  any  part  of  the 
winding  at  any  instant  is  the  difference  of  these  two  currents 
there.  It  follows  that  the  current  actually  flowing  in  the 
armature  winding  o(  a  rotary  converter,  when  the  rotary  is 
driven  by  received  current,  is  less  than  either  the  current 
entering  the  armature  on  the  one  hand,  or  the  current  leav¬ 
ing  it  on  the  other.  Consequently  the  loss  of  energy  due  to 
armature  resistance  is  smaller  when  a  rotary  converter  is 
driven  by  electric  current  than  when  it  is  driven  by 
mechanical  power,  the  output  of  current  being  equal  in  the 
two  eases.  In  the  dynamo  with  a  double-wound  armature, 
and  likewise  in  the  rotary  converter,  there  is  little  or  no 
necessity  to  slrft  the  position  of  the  brushes  on  the  commu¬ 
tator  us  the  load  increases,  when  the  machines  are  driven 
with  electric  power.  On  the  double-wound  armature,  where 
the  two  sets  of  armature  coils  are  entirely  insulated  from 
each  other,  the  ampere  turns  of  the  current  in  each  set  of 
coils  about  the  core  are  nearly  equal  to  the  like  ampere 
turns  in  the  other  set,  when  the  machine  is  driven  by  the 
current  in  one  set  of  coils.  In  this  case  the  winding  that 
receives  current  tends  to  magnetize  the  armature  core  in 
just  the  opposite  direction  to  that  in  which  the  coils  that 
deliver  current  tend  to  magnetize  it.  A  result  of  the 
opposing  action  of  these  two  sets  of  armature  coils  is  to  do 
away  with  any  reaction  of  the  armature  currents  on  the 
magnetizing  effect  of  the  magnet  coils,  and  thus  avoid  the 
necessity  for  a  change  in  the  brush  position  with  increasing 
load.  In  the  single  armature  winding  of  a  rotary  con¬ 
verter,  the  current  being  much  smaller  than  the  one  entcr- 
irur  or  the  one  leavimr  it.  the  armature  reaction  is  com  para- 
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mechanical  power,  current  in  the  armature  windings  rea 
on  the  magnetizing-  effect  of  the  magnet  coils,  and  produ 
a  necessity  for  brush  displacement  with  rising  load,  just 
in  any  ordinary  dynamo. 

Fit!,  343 


(a)  Commutator  End  or  Armature.  opjmwie  Kmi  mtowtug  wuuui  Ruijtn, 

Rotary  Converter. 

An  ordinary  direct-current  dynamo  may  be  changed 
into  a  rotary  converter  of  one,  two  or  more  phases  by  the 
addition  of  two  or  more  contact  rings,  properly  connected 
to  points  in  the  armature  winding. 

243a  shows  a  bipolar  d 
armature,  whose  winding  is  connected  to  a  commutator  for 
the  delivery  of  direct  current.  The  armature  winding  eon- 


In  Fig.  243^  is  shown  the  other  end  of  this  same  armature, 
with  two  contact  rings  connected  to  the  winding  at  two 
diametrically  opposite  points.  This  machine  is  a  true  rotary 
converter  of  single  phase,  and  may  be  used  to  convert 
alternating  into  direct  or  direct  into  alternating  current, 
as  well  as  to  deliver  either  or  both  of  these  sorts  of 
current  when  mechanically  driven.  With  two  collect- 
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looting  rings  may  be  connected  in  like  manner  to  points 
symmetrically  located  about  the  winding, so  that  alternating 
current,  of  any  desired  number  of  phases  may  be  received  or 
delivered.  This  rotary  converter  in  Fig.  243,  having  only 
one  pair  of  poles,  can  receive  or  deliver  only  alternat¬ 
ing-  current  that  equals  in  frequency  the  rate  of  revolution 
of  its  armature.  Thus,  for  current  of  25  cycles  per  second 
the  speed  of  this  rotary,  whether  used  to  generate  or  con¬ 
vert,  must  be  25x60  -1,500  revolutions  per  minute.  For 
current  of  60  cycles  per  second,  such  as  is  more  commonly 
employed  for  the  general  distribution  of  light  and  power, 
the  speed  of  a  bipolar  rotary  converter  must  be  60x60 
revolutions  per  minute.  It  is  usually  necessary  for 
rotary  converters  to  operate  at  speeds  much  below  those 
just  named,  and  consequently  they  must  have  rather  large 
numbers  of  poles,  like  ordinary  alternating  generators.  In 
rotary  converters,  however,  the  use  of  a  large  number  of 
poles  is  attended  with  a  difficulty  that  is  not  present  in  the 
ordinary  alternator.  This  difficulty  is  due  to  the  fact  that 
the  armature  core  of  a  rotary  must  have  a  considerable 
number  of  slots,  and  its  commutator  at  least  an  equal  num¬ 
ber  of  segments  per  magnet  pole,  to  insure  good  results  at 
the  brushes.  Take  for  illustration  a  rotary  converter  that 
must  generate  or  receive  alternating  current  of  60  cycles 
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field  is  weak  and  lower  when  the  field  is  strong.  The  num¬ 
ber  of  periods  per  second  of  the  alternating  current  deliv- 
ered  by  the  collecting-  rings  of  the  rotary  will  thus  change 
with  every  variation  of  the  field  strength,  while  direct 
current  is  the  motive  power.  Meantime  the  voltage  ratio 
between  the  current  received  at  the  commutator  and  that 
given  out  at  the  collecting  rings  remains  constant,  whatever 
changes  are  made  in  the  field  strength. 

If  the  rotary  is  driven  by  alternating  current  received  at 
the  collecting  rings,  the  number  of  revolutions  per  minute 
is  independent  of  the  strength  of  the  magnetic  field,  but 
depends  on  the  rate  of  cycles  of  the  driving  current,  as  the 
rotary  will  operate  in  synchronism  with  the  generator  that 
furnishes  the  alternating  supply.  In  other  words,  the  pro¬ 
duct  of  the  number  of  pairs  of  poles  and  of  the  number  of 
revolutions  per  minute  for  the  rotary  wilt  equal  in  every 
case  the  product  of  the  like  numbers  for  the  alternator  that 
supplies  the  driving  currents.  Where  alternating  current 
is  the  motive  power,  as  in  the  reverse  ease,  the  voltage  ratio 
for  the  currents  at  the  commutator  and  collecting  rings  is 
independent  of  the  strength  of  the  magnetic  field, 

A  rotary  converter  of  single  phase,  like  a  single-phase 
alternator  of  the  ordinary  type,  cannot  be  started  with 
single-phase  current,  though  direct  current  supplied  at  the 
commutator  will  start  it,  like  any  direct-current  motor. 
After  the  single-phase  converter  is  once  started  and  brought 
to  a  speed  that  puts  it  into  synchronism  with  the  source,  of 
current,  it  will  continue  to  operate  if  connected  to  the  alter¬ 
nating  supply.  Rotary  converters  of  two,  three  or  more 
phases  start  with  a  large  torque  and  come  rapidly  up  to 
synchronous  speed  when  supplied  with  alternating  current 
of  like  numbers  of  phases  at  their  collecting  rings.  In  large 
systems  of  electrical  distribution  it  is  a  growing  practice  to 
use  rotary  converters  both  to  receive  alternating  energy 
from  a  distance  and  to  generate  direct  current  from  mechan¬ 
ical  power,  when  the  converters  are  not  in  use  for  the 
former  purpose.  In  such  cases  the  rotary  delivers  direct 
current  in  any  event,  but  the  driving  power  varies  between 
the  electrical  and  the  mechanical  source. 
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Another  use  of  rotary  converters,  or  of  double-current 
generators,  as  they  arc  often  called  in  such  cases,  is  to 
supply  both  alternating  and  direct  current:  when  mechan¬ 
ically  driven. 

Such  a  use  of  those  machines  is  of  increasing  importance 
in  steam-driven  stations,  where  direct  current  is  sent  out  for 
near-by  service,  and  alternating  current  to  more  distant 
consumers. 

For  these  purposes  the  double-current  generators  are 
designed  to  deliver  energy  at  the  commutator  of  the  volt¬ 
age  recpiircd  in  the  direct-current  distribution.  In  order  to 
secure  the  pressures  desirable  for  transmission  to  the  more 
distant  parts  of  the  system,  alternating  current  from  such 
generators  is  passed  through  transformers  at  the  station 
that  yield  current  of  suitable  voltage. 

Rotary  converters  or  double-current  generators  do  not 
yield  currents  of  equal  voltage  at  their  commutators  and 
collecting  rings.  On  the  contrary,  the  voltage  at  the  com¬ 
mutator  is  always  greater  than  the  virtual  voltage  at  the 
collecting  rings.  If  the  rotary  converter  shown  in  Fig.  243# 
and  t>  be  driven  by  mechanical  power  at  such  a  speed  that 
direct  current  of  too  volts  is  delivered  at  the  commutator, 
the  single-phase  current,  given  off  at  the  collecting  rings 
will  he  at  70.7  virtual  volts,  if  the  machine  is  so  constructed 
that  the  curve  of  alternating  pressure  follows  the  true  sine 
law  The  greatest  pressure  at  any  point  on  such  a  sine 
curve  would  correspond  to  the  pressure  of  100  volts  at  the 
commutator,  and  the  virtual  volts  during  a  complete  cycle 
can  be  shown  mathematically  to  be  70.7  per  cent,  of  the 
maximum  for  a  single-phase  current  that  follows  the  sine 
law.  For  a  rotary  of  two  phases  the  virtual  voltage  in  each 
phase  is  also  70.7  per  cent,  of  that  at  the  commutator.  In  a 
three-phase  rotary  converter  the  virtual  voltage  at  the  col¬ 
lecting  rings  is  fit. 2  per  cent,  of  that  at  the  commutator.  If 
the  watt  output  at  either  the  collecting  rings  or  the  com¬ 
mutator  is  equal  to  the  watts  absorbed  at  the  other  end  of 
the  rotary  armature,  the  virtual  amperes  at  the  collecting 
rimrs  am  lit.i  ner  rent.  of  the  amneres  at  the  commutator 
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DR.  PUPIN’S  IMPROVEMENTS  IN  LONG-DISTANCE  TELEPHONY. 

BY  HERBERT  T.  WADE- 

Soon  after  the  laying  of  the  first  Atlantic  cable,  nearly 
fifty  years  ago,  Sir  William  Thomson  prophesied  that  it 
would  not  be  possible  to  exceed  a  certain  rate  of  speed  in 
the  transmission  of  signals,  on  account  of  the  so-called  Capa¬ 
city  of  the  cable.  This  prophecy  has  held  good,  for,  not¬ 
withstanding  multiplex  and  mechanical  systems  of  telegra¬ 
phy  on  land,  the  submarine  cables  are  operated  at  an  average 
speed  of  but  twenty-five  words  a  minute.  The  use  of  a  sub¬ 
marine  cable  in  telephony  over  a  greater  distance  than 
twenty-seven  miles  in  length  (Dover-Calais)  is  not  supposed 
to  be  practicable,  and  consequently  telephonic  communica¬ 
tion  is  not  available  where  a  large  body  of  water  must  be 
crossed.  In  telephone  circuits  where  aerial  wires  are  em¬ 
ployed,  there  are  also  limitations,  and  yet  long-distance 
telephony  on  such  a  scale  as  is  desired,  from  New  York  to 
New  Orleans,  or  San  Francisco,  for  example,  has  not  been 
attained,  and  is  admitted  by  telephone  engineers  to  be  next 
to  impossible. 

After  a  series  of  experiments  performed  at  the  laboratory 
for  electro-mechanics  at  Columbia  University,  Prof.  M.  I. 
Pupin  has  ascertained  that  with  cables  and  air  line  conduc¬ 
tors  constructed  according  to  a  method  thus  far  employed 
in  the  construction  of  long-distance  electrical  conductors, 
which  involves  a  somewhat  radical  but  nevertheless  a  very 
simple  departure  from  the  methods,  the  efficiency  of  trans¬ 
mission  of  electrical  energy  is  greatly  increased,  and  that  a 
number  of  the  difficulties  just  enumerated  may  be  readily 
overcome.  The  method  may  be  stated  broadly  to  consist  in 
employing  what  Prof.  Pupin  calls  non-uniform  conductors  in 
place  of  ordinary  uniform  conductors.  In  the  course  of  his 
experiments  he  has  made  use  of  such  conductors  for  long¬ 
distance  telephony,  and  the  researches  in  his  laboratory 
have  been  marked  with  great  success. 

Electrical  energy  when  sent  over  a  conductor  of  such 
length  as  is  used  in  long-distance  telegraphy  or  telephony  is 
transmitted  in  the  form  of  electrical  waves.  The  transmis- 
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sion  of  the  energy  under  such  conditions  can  luirdly  bo 
called  direct,  for  it.  is  first;  stored  up  in  tiic  medium  sur¬ 
rounding  the  transmitting  line,  and  from  here  it  is  then 
transferred  to  the  receiving  apparatus.  If  a  periodic  cur¬ 
rent  is  impressed  on  the  circuit  by  the  transmitting  genera¬ 
tor,  we  have  periodic  variations  of  current  and  potential 
along  the  transmission  wire. 

In  the  study  of  electrical  waves  it  is  found  that  the  am¬ 
plitude  of  the  wave  diminishes  as  the  energy  is  propagated 
from  the  source.  In  short,  a  weakening  of  the  current;  is 
caused  which  is  styled  attenuation,  and  for  the  constant  of 
attenuation  there  is  a  mathematical  expression  in  which  the 
inductance,  resistance  and  capacity  of  the  conductor,  and 
the  frequency  speed  figure.  The  loss  of  energy  is  due  to  the 
imperfect;  conductivity  of  the  wire,  and  it  is  regulated  by  the 
inductance  and  capacity  in  the  circuit.  The  most  important 
feature  of  this  regulation  is  the  following;  If  a  conductor 
has  a  high  inductance,  a  given  quantity  of  energy  will  be 
transmitted  with  less  loss  than  over  a  conductor  with  a 
smaller  amount,  of  inductance.  This  fact  was  known  to  Oli¬ 
ver  Heaviside,  the  mathematical  physicist  of  England,  and 
while  his  theory  demonstrated  the  superiority  of  a  wave 
conductor  of  high  inductance,  it  did  not  indicate  a  way  in 
which  such  a  conductor  could  be  constructed.  The  mere 
introduction  into  the  circuit  of  a  coil  or  coils  has  been  tried 
without  success,  as  there  was  no  underlying  mathematical 
theory  to  govern  the  experiments. 

Prof.  Pupiti,  however,  has  developed  such  a  theory, 
which  serves  to  explain  the  problem,  and  its  main  features 
are  well  shown  in  a  mechanical  illustration  in  which  the 
same  elements  are  present  as  are  found  in  the  question  of 
the  transmission  of  electrical  waves,  To  one  prong  of  a 
tuning  fork  rigidly  fixed  at  C  is  fastened  a  cord  whose  other 
end  is  attached  to  some  firm  object  as  D,  shown  in  the  illus- 
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reflected  waves  will  not  be  equal,  and  instead  of  .stationary 

waves  there  will  be  waves  where  the  amplitude  <>i  the  par. 
tides  at  the  greatest  distance  from  the  tuning  lurk  will  be 
less  than  that  nearer  the  source  of  motion,  as  shown  at  3, 
the  energy  being  dissipated  by  the  frictional  resistances  in 
its  progress  along  the  cord.  This  weakening  or  attenuation, 
however,  will  be  diminished  if  a  string  of  gteatet  density  is 
employed,  since  a  larger  mass  requires  a  smaller  veloeit  v  in 
order  to  store  up  a  given  amount  of  kinetic  t  nt  tg\ ,  and  a 
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sion,  but  a  point  will  be  soon  reached  beyond  which  it  is  not 
possible  to  secure  an  appreciable  improvement  bv  further 
subdivision. 

'Phis  point  is  where  the  cord  thus  loaded  vibrates  very 
nearly  like  a  uniform  cord  of  the  same  mass,  tension  and 
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frictional  resistance,  as  we  may  sec  by  reference  to  5.  There¬ 
fore,  to  secure  an  increase  in  the  efficiency  of  transmission 
over  a  cord  thus  loaded,  we  must  properly  subdivide  the 


possible  to  load  the  cord  in  such  a  way  as  tu  make  U  equiv¬ 
alent  to  a  uniform  cord  for  all  wave  lengths;  but  il  tlu*  load 
was  distributed  so  that  it  satisfied  a  given  wave  length,  it 
also  answered  for  all  longer  wave  lengths.  I  he  unit lu  mat i- 
cal  theory  and  law  for  the  vibration  of  a  toid  uudei  sm  li 
conditions  is  exactly  the  same  as  that  gi »v ei  timg  tlu  tlist t n 
bution  of  the  electric  current,  over  a  wave  conductor  under 
the  influence  of  similar  forces,  kinetic  or  mass  react  ion,  ten- 
sional  reaction  and  resistance  reaction  in  the  cum*  of  the 
cord  being  paralleled  by  elect ro-kinetic  reaction,  capacity 
reaction  and  ohmic  resistance  reaction  in  the  ease  ot  the 
wave  conductor.  Therefore,  it  will  be  understood  that  if 
inductance  coils  are  introduced  along  the  wave  conductor  at 
periodical  intervals,  the  efficiency  of  the  transmission  of 
electrical  energy  is  increased.  Prof.  Pupin’s  conclusion  is 
that  a  non-uniform  conductor  is  as  nearly  equivalent  to  its 

correspondingly  uniform  conductor  as  sin  ^  is  to  ^  where 

<p  is  the  angular  distance  between  the  inductance  points  of 
inductance  sources  and  the  angular  distance  to  j#r  corre¬ 
sponds  with  the  wave  length.  Here  the  value  h*  is  inversely 
proportional  to  the  wave  length,  so  that  for  a  given  dis* 
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periods  used  in  long  distance  telephony  were  selected.  The 
conductor  selected  was  the  counterpart  of  a  cable  250  miles 
in  length,  having  the  equivalent  resistance  and  capacity.  To 


construct  such  a  cable  was  a  task  of  much  labor,  and  three- 
cables  were  made  and  experimented  with  before  the  final 
form  was  reached,  which  approaches  very  nearly  the  condi¬ 
tions  existing  in  a  submarine  cable.  This  was  formed  of 
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thiii  strips  of  tinfoil  kiicl  on  sheets  of  paraffined  paper  and 
carefully  connected,  their  length  being  sufficient  to  afford 
considerable  resistance,  while  the  capacity  was  regulated  by 
the  thickness  of  the  insulating  material.  The  strips  were 
then  connected  in  sections,  each  being  equivalent  to  one 
mile  of  cable  with  a  resistance  of  9  ohms  and  a  capacity  of 
.074  microfarad,  and  were  arranged  in  groups  of  fifty,  one 
such  group  being  contained  in  (he  heavy  cast*  shown  in  the 
center  of  the  illustration,  Fig.  24O.  Having  a  cable  where 
there  is  resistance  and  capacity,  it  is  possible  to  demonstrate 
experimentally  the  vigorous  attenuation  of  the  current  and 
to  study  the  propagation  of  the  electrical  waves.  This  at¬ 
tenuation,  as  has  been  said,  is  remedied  by  the  insertion  of 
induction  coils  into  the  circuit,  and  the  illustration  and  dia¬ 
gram  show  the  method  of  adding  such  coils.  The  wires 
from  the  various  sections  of  the  cable  are  connected  with 
brass  plates  placed  on  a  long  wooden  strip,  and  by  means  of 
plugs  and  binding  posts  the  circuit  can  be  regulated.  At 
the  gap  between  any  two  successive  sect  it  ms  of  the  cable  a 
coil  or  coils  containing  inductance  can  be  added,  amt  by 
merely  inserting  a  plug  can  be  cut  out  of  the  circuit,  t  Ting 
a  small  alternator,  and  circuits  with  suitable  inductance  and 
capacity,  to  impress  a  simple  harmonic  electromotive  force 
the  waves  were  investigated.  The  alternator  was  so  con¬ 
structed  as  to  give  currents  of  different  frequencies  and  thus 
produce  the  circuit  waves  of  different  length.  Then  with  a 
slide  contact,  G,  and  galvanometer,  II,  arranged  as  shown 
at  6,  Fig.  245,  it  was  possible  to  ascertain  the  condition  of  the 
current  at  any  point  along  the  line.  In  this  way  observa¬ 
tions  were  made  and  curves  plotted  showing  the  max 
iraum  and  minimum  amount  of  current  and  the  length  of 
the  wave  passing  along  the  conductor,  Such  a  curve  is 
shown  at  7,  the  numbers  along  the  horizontal  line  in  the 
middle  representing  the  distance  from  the  middle  point  of 
the  cable,  and  the  dots  the  currents  at  various  distances 
from  this  point. 

Connecting  these  points  we  have  a  close  approximation 
to  an  attenuated  sine  curve  as  required  by  the  mathemat¬ 
ical  theory.  In  this  case  the  wave  length  is  17  miles  and 
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*  lc  frequency  625  periods  per  second.  Contrast  this  with 
the  following  illustration,  where  the  inductance  is  not  pro¬ 
perly  placed  in  the  circuit,  and  the  result  shows  a  remark¬ 
able  attenuation  and  reflexion  of  the  waves.  Leaving  the 


exact  mathematical  considerations  out  of  question,  it  may 
be  stated  if  the  induction  coils  are  placed  at  intervals  about 
one-sixteenth  of  the  wave  length  the  non-uniform  conductor 
will  be  like  a  uniform  conductor  to  within  two-thirds  of 


one  per  cent.  If  this  is  done  the  attenuation  is  made  very 
small,  comparatively  speaking,  and  the  electrical  energy  is 
transmitted  with  but  slight  dissipation.  A  numerical 
example  will  illustrate  this  more  clearly.  If  the  cable  is 
employed  with  the  inductance  coils  placed  properly,  then 
two  and  one-half  per  cent,  of  the  current  generated  at  the 
transmitting  end  reaches  the  receiving  end  of  the  cable.  But 
if  the  coils  are  cut  out  and  the  cable  used  in  the  ordinary 
way,  then  only  one  two  hundred  and  fifty  thousandth  part 
of  the  current  sent  in  at  the  transmitting  end  reaches  the 
receiving  end.  In  other  words,  the  insertion  of  the  coils 
enables  the  cable  to  transmit  6,000  times  as  much  current. 

T  he  first  application  of  the  results  of  this  investigation 
has  been  to  long-distance  cable  telephony ;  the  cable  being 
employed  as  before  with  the  inductance  coils  at  intervals 
of  one  mile,  and  at  either  end  of  the  line  two  sets  of  ordin¬ 
ary  telephonic  instruments.  Over  this  line  of  250  miles  of 
cable  one  can  carry  on  a  conversation  distinctly,  the  fact 
seeming  the  more  remarkable  when  it  is  realized  ’that  about 
40  miles  is  the  present  limit  for  cable  telephony,  and  that 
the  longest  cables  in  the  New  York  subways  are  15  miles 
in  length.  These  experiments  from 4  a  purely  scientific 
point  of  view  demonstrate  the  feasibility  of  transatlantic 
t  elephony. 

It  is,  however,  in  regard  to  its  applicability  to  tele¬ 
graphy,  that  its  advantages  for  marine  work  must  be  espe¬ 
cially  considered,  where,  as  soon  as  the  speed  is  increased, 
the  attenuation  of  the  waves  occurs,  and  a  limit  is  very 
early  set  upon  the  rate  of  operation.  With  the  attenuation 
taken  care  of  by  inductance  coils  added  at  specific  distances 
-along  the  cable,  the  current  would  be  transmitted  with 
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small  loss  to  its  destination,  unci  not  only  would  the  ordi¬ 
nary  speed  of  operation  be  inercased,  but  by  the  use  of 
methods  similar  to  those  employed  on  land  for  rapid  tele¬ 
graphy  the  efficieney  would  be  made  many  times  greater. 
The  inductance  coils  could  be  added  to  the  conductor  at 
certain  distances  and  placed  within  the  sheathing  at  small 
expense  in  comparison  with  the  cost;  of  the  cable,  and  being 
made  about  one  inch  in  diameter  and  six  inches  in  length 
would  create  no  particular  difficulty  cither  in  tin*  manufac¬ 
ture  or  in  the  laying  of  the  cable. 

The  earliest  application  of  this  method  will  doubtless  be 
to  aerial  conductors  to  increase  the  present,  limits  of  long¬ 
distance  telephony  now  placed  at  St.  Louis  from  New 
York.  The  inductance  coils  at  slight  cost  can  be  attached 
to  the  cross  arms  of  the  poles,  ami  instead  of  the  heavy  cop. 
per  wires  now  required,  a  smaller  and  less  expensive  eon- 
ductor  may  be  used.  According  to  the  theory  and  its 
experimental  verification,  there  seems  to  be  nothing  to  pre¬ 
vent  a  very  wide  increase  in  the  limiting  distance  of 
modern  telephony  through  the  use  of  tin’s  method  of  con¬ 
structing  conductors,  and  trials  in  the  field  under  actual 
conditions  of  service  are  anticipated  with  interest,  by  tele- 
phone  engineers.  It  is  worthy  of  notice  in  connection  with 
this  discovery  that  [ts  entire  development  has  been  carried 
on  along  strictly  scientific  lines  by  Prof.  Lupin,  to  him 
being  due  the  conception  of  the  mathematical  theory 
involved,  its  exnerimental  verification,  and.  last l v.  its  unnli. 
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Dynatno,  Kdlsou,  12 
Dynamo,  Westlngliouse,  18 
I  tynaino,  Weston,  8 


Karth  clock,  487 
Kdlson  dynamo,  12 
Kdlsou  lamp,  1 1 
Kdlson’s  storage  battery,  20 
Kledrlc  are,  photographing,  402 
Kledrlc  chime,  81)2 
Klectrb  clock  details,  448 
Kledrlc  discharge  over  mica,  88 
F.  lee  trie  earth  clock.  487 
Kledrlc  lamps,  projection  of.  121 
Kledrlc  lighting,  1 
Electric  lighting  plant.  Kdlmm’s,  10 
Kledrlc  spark,  autographs,  47 
Kleetrlcnl  made,  07 


Lump,  Kdlsou,  I  1 

Lamp,  the  Nenist,  457 

Lantern,  projection,  75 

Lantern,  scientific,  1)1 

Lantern  slides,  to  color,  408 

Lathe  for  amateurs,  155 

Lena  maklug,  14(1 

Let-off  mechanism,  425 

Lightning  board,  4(1 

Lightning,  marks  produced  by.  48 

Liquid  air  experiments,  208 

Lightning  above  and  below  water,  477 

Long  distance  teloplmne,  548 

Long-running  electric  dock,  488 

Mbadowcroft,  870 
Marconi,  (L,  842 
Measuring  beat  of  stars.  451 
Mechanical  analogies,  848 
Megascope,  250 
Metallo-chromos,  200 
Meter,  current,  15 
Microphone,  08 
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Microscopy,  suggestions  In,  282 

Moiling,  107 

Molm*  umnoctiuns,  307 

Newts  t  lamp,  437 
Nodi  s  and  loops,  428 

( objects,  projection  of,  249 
Oppositely  moving  noodloH,  427 
Oscillation,  adjustment  of,  305 
Oxyliydrogen  burner,  90 


I'gntogmphle  lantern,  132 
l'arls,  three-phase  generators  at,  525 
Pendulum,  compound,  128 
Performing  glass,  145 
Phonograph,  selentl/lc  use  of,  212 
Photo  with  ordinary  lens,  412 
Photo  with  telephoto,  413 
Photographing  the  electric  are,  *102 
Photography,  suggestions  In,  280 
Physical  constants  of  permanent  gases 
273 

Pivots  of  movable  roll,  492 
Plotting  ilgures,  42(1 
Polarlseope,  94 
Polyphase  generator,  510 
Poulsen,  432 
Poulseu’s  principle,  433 
Proctor.  Mary,  451 
Projection,  75 
l’lipln,  M.  I.,  548 


Slng.eplmse  Induction  motor,  eutince- 
imus  ot,  53  1 

Star  txiard.  lumlitotis,  ton 
Sun  age  ha  It  cry,  2  1 

Streams  of  water,  experiments  with. 
Id) 

Soldering,  107 

Sound  wave  lantern,  tOI 

St  und  waves,  I2P 

Spectrum,  art ltlelal,  2  13 

Surface  tension,  229 

Syntonic  wireless  telegraphy,  342 


Telegraplmne,  132 
Telephone.  37 

Telephone,  central  energy  sjsteiu,  dltt 
gram.  310 

Teleiilnute  system.  central  energy,  3 UP 

Telephony,  long  distance,  3  In 

Telephony,  wireless,  3 1 2 

Telephotography,  409 

Telescope,  eotiatorlnl  stand  for.  317 

Tempering,  139 

Three  phase  currents,  323 

Three  phase  generators  at  Paris,  323 

Three  phase  motor.  329 

Three  phase  motot  nt  iteltcgarde,  338 

Three  wire  system,  I  4 

'I’oys,  novel.  190 

Transformer,  diagram  of,  30? 

Trowbridge,  Prof,  John,  400 

Two  phase  motor,  329 


Quadruple  compound  harmonic  motion, 
420 


Radiometer,  452  ,  .  . 

Rays,  course  of,  In  telephoto,  414 

Recipes,  100 

Recording  magnet,  434 

Rheostat,  8 

Rheostat,  simple.  323 

Rheostatic  machine,  Plants,  470 

Ring  and  rod,  200 

Rod  and  ring  experiment,  200 

Roentgen  rays,  871 

Rotary  converters,  540 

Rotary  disk,  89 


Scientific  use  Pf,  common  things,  193 
Sine  curve  of  alternating  current.  517 
Sine  curve  of  direct  current,  318 
Sine  curve,  two-phaao  currents,  322 


Voltaic  arc,  1 

Voltmeter,  484 

Voltmeter  and  ammeter.  482 

Water  vapor,  spectrum  of.  481 
Wire  apparatus,  inn 
Wire  wound  apparatus.  435 
Wire  telegraplmne,  43d 
Wireless  telegraph  receiving  apparatus, 
3«7 

Wireless  telegraphy,  syntonic,  8 13 
Wireless  telegraph  at  small  cost,  3U3 
Wireless  telephony.  Sts 
iVehnelt  Interrupter,  3twi 
Westlnghouse  system,  17 
Weston  dynaum.  2 
Weston  are  lamp,  8 


X  Ray,  379 
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